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(g) Imidazole-containlng inhibitors of famesyl protein transferase. 

(57) Inhibition of famesyl transferase, which is an enzyme involved in ras oncogene expression, is effected 
by compounds of the formula 
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their enantiomers, diastereomers, and pharmaceutically acceptable salts, prodrugs, and solvates, 
wherein : 
G is 
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or 



G 1 is 



4 



Y — 



or 



G 2 is 





J K and L are each, independently, N, NR 9 , O, S or CR 10 with the provisos that only one of the 
groups J, K and L can be O or S, and at least one of the groups J or L must be N, NR 9 , O or S to form a 
ftjsed five-membered heteroring ; the bond between J and K or K and L may also form one side of a 
phenyl ring fused to the fused five-membered heteroring ; 

Q^A^arid A 2 are each, independently, H, alkyl, substituted alkyl, phenyl or substituted pheny I ; 
G 3 is R 11 , -C(0)OR", -C(0)NR1 1 R 12 5-tetrazolyl, -C(0)N(R 13 )OR", -C(0)NHS0 2 R 14 or -CH 2 OR 11 ; 
G 4 is 




attached at the 1, 2, 4 or 5 position and optionally substituted, at any of the available position or 
positions on the ring, with halo, alkyl or substituted alkyl having 1 to 20 carbon atoms, alkoxy, aryl, 
aralkyl, hydroxy, alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylammo, thiol, alkylthio, 
alkylthiono, alkylsulfonyl, sulfonamido, nitro, cyano, carboxy, carbamyl, N-hydroxycarbamyl, N- 
alkylcarbamyl, N-dialkylcarbamyl, alkoxycarbonyl, phenyl, substituted phenyl, or a combinaton of these 
groups ; 

Y and Z are each, independently, -CH 2 - or -C(O)- ; 

R 1 - R 14 are each, independently, H or alkyl having 1 to 20 carbon atoms ; 

R7, R8 and R 14 may also be aryl or aralkyl, and R 3 , R 9 , R 11 f R 12 and R 13 may also be aralkyl ; 

m, n and p are each, independently, 0 or an integer from 1 to 2 ; 

q is 0 or an integer from 1 to 4 ; and 

the dotted line represents an optional double bond. 
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This application is a continuation-in-part of application serial number 08/292,91 6 filed on August 1 9, 1 994, 
which in turn is a continuation-in-part of application serial number 08/221,153 filed on March 31, 1994. The 
entire contents of these applications are hereby incorporated by reference. 

This invention relates to compounds that inhibit farnesyl-protein transferase and Ras protein farnesylation, 

5 thereby making them useful as anti-cancer agents. The compounds are also useful in the treatment of dis- 
eases, other than cancer, associated with signal transduction pathways operating through Ras and those as- 
sociated with CAAX-containing proteins other than Ras that are also post-translationally modified by the en- 
zyme farnesyi protein transferase. The compounds may also act as inhibitors of other prenyl transferases, and 
thus be effective in the treatment of diseases associated with other prenyl modifications of proteins. 

10 The mammalian ras gene family comprises three genes, H-ras, K-ras and N-ras. The Ras proteins are a 
family of GTP-binding and hydrolyzing proteins that regulate cell growth and differentiation. Overproduction 
of normal Ras proteins or mutations that inhibit their GTPase activity can lead to uncontrolled cell division. 

The transforming activity of Ras is dependent on localization of the protein to plasma membranes. This 
membrane binding occurs via a series of post-translational modifications of the cytosolic Ras proteins. The 

15 first and mandatory step in this sequence of events is the farnesylation of these proteins. The reaction is cat- 
alyzed by the enzyme farnesyi protein transferase (FPT), and farnesyi pyrophosphate (FPP) serves as the 
farnesyi group donor in this reaction. The Ras C-terminus contains a sequence motif termed a "Cys-Aaa 1 -Aaa 2 - 
Xaa" box (CAAX box), wherein Cys is cysteine, Aaa is an aliphatic amino acid, and Xaa is a serine or methio- 
nine. Farnesylation occurs on the cysteinyl residue of the CAAX box (Cys-186), thereby attaching the prenyl 

20 group on the protein via a thio-ether linkage. 

In accordance with the present invention, a compound of the formula 



25 



30 



40 



45 



50 



55 



A 

G 



Z 

R 



its enantiomers and diastereomers, and pharmaceutically acceptable salts, prodrugs and solvates thereof in- 
hibit S-farnesyl protein transferase, which is an enzyme involved in Ras oncogene function. In formula 1 and 
throughout this specification, unless otherwise specified, the above symbols are defined as follows: 
35 G is 



O A 




G 1 is 
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5 



10 G 2 is 



15 




or-NRia-CH(Q 1 )-; 

J, K and L are each, independently, N, NR 9 , O, S or CR 10 with the provisos that only one of the groups 
J, K and L can be O or S, and at least one of the groups J or L must be N, NR 9 , O or S to form a fused f ive- 
25 membered heteroring; the bond between J and K or K and L may also form one side of a phenyl ring fused to 
the fused five-membered heteroring; 

Q is aryl; 

Q 1 , A 1 and A 2 are each, independently, H, alkyl, substituted alkyl, phenyl or substituted phenyl; 
G 3 is R 11 , -C(0)OR 11 , -C(0)NR"R1 2 , 5-tetrazolyl, -C(0)N(R 13 )OR", -C(0)NHS0 2 R 14 or-CH 2 OR 11 ; 
30 G 4 is 



35 




attached at the 1 , 2, 4 or 5 position and optionally substituted, at any of the available position or positions on 
the ring, with halo, alkyl or substituted alkyl having 1 to 20 carbon atoms, alkoxy, aryl, aralkyl, hydroxy, alkanoyl, 
40 alkanoyloxy, amino, alkylamino, dialkyiamino, alkanoylamino, thiol, alkylthio, alkylthiono, alkylsulfonyi, sulfo- 
namide, nitro, cyano, carboxy, carbamyl, N-hydroxycarbamyl, N-alkylcarbamyl, N-dialkylcarbamyl f alkoxycar- 
bonyl, phenyl, substituted phenyl, or a combination of these groups; 
Y and Z are each, independently, -CH 2 - or-C(O)-; 
R 1 - R 14 are each, independently, H or alkyl having 1 to 20 carbon atoms; 
45 R 7 , R 8 and R 14 may also be aryl or aralkyl, and R 3 , R 9 , R 11 , R 12 and R 13 may also be aralkyl; 

m, n and p are each, independently, 0 or an integer from 1 to 2; 
q is 0 or an integer from 1 to 4; and 
the dotted line represents an optional double bond. 
Listed below are definitions of various terms used to describe this invention. These definitions apply to 
so the terms as they are used throughout this specification, unless otherwise limited in specific instances, either 
individually or as part of a larger group. 

The term "alkyl" refers to straight or branched chain unsubstituted hydrocarbon groups of 1 to 20 carbon 
atoms, preferably 1 to 7 carbon atoms. The expression "lower alkyl" refers to unsubstituted alkyl groups of 1 
to 4 carbon atoms. 

55 The term "substituted alkyl" refers to an alkyl group substituted by, for example, one to four substituents 

such as halo, hydroxy, alkoxy, alkanoyl, alkanoyloxy, amino, alkylamino, dialkyiamino, alkanoylamino, thiol, 
alkylthio, alkylthiono, alkylsulfonyi, sulfonamido, nitro, cyano, carboxy, carbamyl, substituted carbamyl, alkox- 
ycarbonyl, phenyl, substituted phenyl, guanidino, indolyl, imidazolyl, furyl, thienyl, thiazolyl, pyrrolidyl, pyridyl, 
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pyrimidyl and the like. 

The term "halogen" or "halo" refers to fluorine, chlorine, bromine and iodine. 
The term "alkoxy" refers to alkyl-O-. 
The term "alkanoyl" refers to alkyl-C(O)-. 
The term "alkanoyloxy" refers to alkyl-C(0)-0-. 

The terms "alkylamino" and "dialkylamino" refer to (alkyl)NH- and (alkyl) 2 N-, respectively. 

The term "alkanoylamino" refers to alkyl-C(0)-NH-. 

The term "alkylthio" refers to alkyl-S-. 

The term "alkylthiono" refers to alkyl-S(O)-. 

The term "alkylsulfonyP refers to alkyl-S(0) 2 -. 

The term "carbamyl" refers to -C(0)NH 2 . 

The term "alkoxycarbonyl" refers to alkyl-O-C(O)-. 

The term "aryl" refers to monocyclic or bicyclic aromatic hydrocarbon groups having 6 to 12 carbon atoms 
in the ring portion, such as phenyl, naphthyl, biphenyl and diphenyl groups, each of which may be substituted. 

The term "aralkyl" refers to an aryl group bonded directly through an alkyi group, such as benzyl. 

The term "substituted phenyl" refers to a phenyl group substituted by, for example, one to four substituents 
such as alkyl, halo, hydroxy, alkoxy, alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylamino, 
thiol, alkylthio, nitro, cyano, carboxy, carboxyalkyl, carbamyl, alkoxycarbonyl, alkylthiono, alkylsulfonyl, sulfo- 
namido and the like. 

The expression "substituted carbamyl" refers to a carbamyl group N-substituted by one to two substituents 
selected from hydroxy and alkyl, and when both the substituents are alkyl, they may be taken together to form 
a 5- to 7- membered saturated ring with the nitrogen atom to which they are attached, said ring being optionally 
substituted with halogen, hydroxy, alkoxy, oxo, nitro, cyano, -C(0)H, -C(0)OH and the like. 

The compounds of formula I form salts which are also within the scope of this invention. Pharmaceutically 
acceptable (i.e., non-toxic, physiologically acceptable) salts are preferred, although other salts are also useful, 
e.g., in isolating or purifying the compounds of this invention. 

The compounds of formula I may form salts with alkali metals such as sodium, potassium and lithium, with 
alkaline earth metals such as calcium and magnesium, with organic bases such as dicyclohexylamine, tribu- 
tylamine, pyridine and amino acids such as arginine, lysine and the like. Such salts may be obtained, for ex- 
ample, by exchanging the carboxylic acid protons, if they contain a carboxylic acid, in compound I with the de- 
sired ion in a medium in which the salt precipitates or in an aqueous medium followed by evaporation. Other 
salts can be formed as known to those skilled in the art. 

The compounds of formula I may form salts with a variety of organic and inorganic acids. Such salts include 
those formed with hydrogen chloride, hydrogen bromide, methanesulfonic acid, sulfuric acid, acetic acid, tri- 
fluoroacetic acid, maleic acid, benzenesulfonic acid, toluenesulfonic acid and various others (e.g., nitrates, 
phosphates, borates, tartrates, citrates, succinates, benzoates, ascorbates, salicylates and the like). Such 
salts may be formed by reacting compound I in an equivalent amount of the acid in a medium in which the salt 
precipitates or in an aqueous medium followed by evaporation. 

In addition, zwitterions ("inner salts") may be formed. 

A compound of the formula I may also have prodrug forms. Any compound that will be converted in vivo 
to provide the bioactive agent (i.e., the compound of formula I) is a prodrug within the scope and spirit of the 
invention. For example, compound I may be in the form of a prodrug having the formula 



wherein R 14 is: 

lower alkyl, such as methyl, ethyl and the like; 

substituted lower alkyl, such as 2-(N-morpholine)ethyl and the like; 

lower aralkyi, such as benzyl, biphenylmethyl and the like; 

(acyloxy)alkyl, such as (pivalyloxy)methyl, 1 -(pro panoyloxy)-2-methyl-1 -propyl and the like; 
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(aminoacyloxy)aroyloxyalkyl, such as para- glycyloxybenzoyloxymethyl and the like; 
(aminoalkoxy)aroyloxyalkyl, such as para- 2-[(N-morpholine)ethoxy]benzoyloxymethyl and the like; 
substituted amides, such as N f N-di(2-hydroxyethyl) acetamido, 4-methyl pi perazine-1 -acetyl, 4-(2-hy- 
droxyethyl)piperazine-1-acetyl and the like; or 

a dioxolanemethyl, such as (5-methyl-2-oxo-1,3-dioxolan-4-yl)methyl and the like. 
Further, for a compound of formula I where A 2 is substituted alkyl of the formula -(CH 2 )wOH (where w is 2 
or 3), and G 3 is -C(0)OH, A 2 may be joined with the carboxyl group to form a iactone ring which can be opened 
in vivo to give a compound of formula I where A 2 is -(CH 2 )wOH (again where w is 2 or 3). 

Various forms of prodrugs are well known in the art. For examples of such prodrug derivatives, see: 

a) Design of Prodrugs, edited by H. Bundgaard, (Elsevier, 1985) and Methods in Enzymology , Vol. 42, p. 
309-396, edited by K. Widder, etal. (Academic Press, 1985) ; 

b) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen and H. Bundgaard, Chapter 
5, "Design and Application of Prodrugs," by H. Bundgaard, p. 113-191 (1991) ; 

c) H. Bundgaard, Advanced Drug Delivery Reviews , 8, 1-38 (1992) ; 

d) H. Bundgaard, et a/., Journal of Pharmaceutical Sciences , 77, 285 (1988) ; and e) N. Kakeya, et a/., 
Chem Pharm Bull , 32, 692 (1 984). 

It should further be understood that solvates (e.g., hydrates) of the compounds of formula I are also within 
the scope of the present invention. Methods of solvation are generally known in the art. 

Preferred Moieties 

For compounds of the formula I, the following moieties are preferred: 
G is 



G 2 is 




A 1 and A 2 are each, independently, H or D-, L- or DL- -CH 3 , -CH(CH 3 ) 2 , -CH 2 CH(CH 3 ) 2 , -CH(CH 3 )CH 2 CH 3 , 
-C(CH 3 ) 3 , -CH 2 OH, -CH 2 CH 2 OH, -CH 2 CH 2 CH 2 OH, -CH(OH) CH 3 , 




» * 



6 



-CH 2 CH 2 CH 2 CH 2 NH 2 , 
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-0*2 CH2 CH2 NH — C- NH 2 



-CH 2 C(0)0H, -CH 2 CH 2 C(0)OH t -CH 2 C(0)NH 2f -CH 2 CH 2 C(0)NH 2 , -CH 2 CH 2 OCH 3 , -CH 2 CH 2 CONRi*Ri«, . 
CH 2 SH, -CH 2 CH 2 SH, -CH 2 CH 2 SOCH 3 , CH 2 CH 2 S0 2 CH 3 or -CH 2 CH 2 SCH 3 , where and R™ are each, inde- 
pendently, hydrogen or alkyl, or R 15 and R 16 , taken together, form a 5- to 7-membered saturated ring with the 
10 N-atom to which they are attached, said ring being optionally substituted with halogen, hydroxy, alkoxy, oxo, 
nitro, cyano, -C(0)H, -C(0)OH and the like; 

G 3 is -C(0)OH, -C(0)OR" or-C(0)NHS0 2 R^; and 

G«is 

15 



20 




attached at the 1, 2, 4 or 5 position, and optionally substituted, at any available position or positions on the 
ring, with alkyl having 1 to 20 carbon atoms or aralkyl. 
When G 2 is 



25 



30 




35 



the fused f ive-membered (substituted) heteroring is preferably 



40 



45 



50 





or 



55 



and when G 2 is -NR 10 -CH(Q 1 )-, Q 1 is preferably D-, L- or D,L- 
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15 The following moieties are particularly preferred: 
G2|s 



20 



25 




G 3 is -C(0)OH, -C(0)OR" or -C(0)NHS0 2 R 14 ; 
G* is 




attached at the 1, 2, 4 or 5 position, and optionally substituted, at any available position or positions on the 
ring, with alkyl having 1 to 20 carbon atoms or aralkyl; 

A 1 is L- -CH 3 , -CH(CH 3 ) 2 , -CH 2 CH(CH 3 ) 2 , -C(CH 3 ) 3 , 

40 

-o- 

45 -CH(CH 3 )CH 2 CH 3 , -CH 2 OH or -CH(OH)CH 3 ; 

A2 is L- -CH 2 CH 2 SCH 3 , -CH 2 CH 2 OH, -CH 2 CH 2 CH 2 OH, -CH 2 CH 2 C(0)NH 2 , -CH 2 CH 2 OCH 3 , -CH 2 CH 2 
CONR 15 R 16 , -CH 2 CH 2 SH, -CH 2 CH 2 SOCH 3 or -CH 2 CH 2 S0 2 CH 3 ; and 
R\ R2 R 3 andR^areH. 
However, when 
so G is 



55 




O A 
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G< is 



5 




G 2 is -NHCH(CH 2 C 6 H 5 )-, 

G 3 is -C(0)OH, 

Y and Z are both -C(O)-, 

A 1 and A 2 are each, independently, D-, L- or D,L- -CH 3 , -CH(CH 3 )2 f -CH 2 CH(CH 3 ) 2 , -CH(CH 3 )CH 2 CH 3 , 
15 -C(CH 3 ) 3 , -CH 2 OH, -CH 2 CH 2 OH, -CH 2 CH 2 CH 2 OH, -CH(OH)CH 3 , 



20 



25 




-CH 2 CH 2 CH 2 CH 2 NH 2 , 

30 

-CH 2 CH 2 CH2NH— f-NH 2 
NH 

r 

35 -CH 2 C(0)OH, -CH 2 CH 2 C(0)OH, -CH 2 C(0)NH2, -CH 2 CH 2 C(0)NH 2 , -CH 2 CH 2 C(0)NHOH, -CH 2 SH, -CH 2 CH 2 SH, 
-CH 2 CH 2 S(0) 2 NH 2 or-CH 2 CH 2 SCH 3> 
R1-R 6 are all H, 
n is 1 and 

p is 0, then G 4 is preferably substituted. 

40 

Use and Utility 

The compounds of formula I are inhibitors of S-farnesyl protein transferase. They are thus useful in the 
treatment of a variety of cancers, including (but not limited to) the following: 
45 - carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, ovary, pancreas, stomach, cer- 
vix, thyroid and skin; 

- hematopoietic tumors of lymphoid lineage, including acute lymphocytic leukemia, B-cell lymphoma and 
Burketts lymphoma; 

- hematopoietic tumors of myeloid lineage, including acute and chronic myelogenous leukemias and pro- 
50 myelocytic leukemia; 

- tumors of mesenchymal origin, including fibrosarcoma and rhabdomyosarcoma; and 

- other tumors, including melanoma, seminoma, tetratocarcinoma, neuroblastoma and glioma. 

The compounds of formula I are especially useful in treatment of tumors having a high incidence of Ras 
involvement, such as colon, lung, and pancreatic tumors. By the administration of a composition having one 
55 (or a combination) of the compounds of this invention, development of tumors in a mammalian host is reduced. 

Compounds of formula I may also be useful in the treatment of diseases other than cancer that may be 
associated with signal transduction pathways operating through Ras, e.g., neurofibromatosis. 

Compounds of formula I may also be useful in the treatment of diseases associated with CAAX-containing 
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proteins other than Ras (e.g., nuclear lamins and transducin) that are also post-translationally modified by the 
enzyme farnesyl protein transferase. 

Compounds of formula I may also act as inhibitors of other prenyl transferases (e.g., geranylgeranyl trans- 
ferase), and thus be effective in the treatment of diseases associated with other prenyl modifications (e.g., 

5 geranylgeranylation) of proteins (e.g., the rap, rab, rac and rho gene products and the like). For example, they 
may find use as drugs against Hepatitis delta virus (HDV) infections, as suggested by the recent finding that 
geranylgeranylation of the large isoform of the delta antigen of HDV is a requirement for productive viral infec- 
tion [J. S. Glenn, ef a/., Science, 256, 1331 (1992)]. 

The compounds of this invention may also be useful in combination with known anti-cancer and cytotoxic 

10 agents. If formulated as a fixed dose, such combination products employ the compounds of this invention within 
the dosage range described below and the other pharmaceutical^ active agent within its approved dosage 
range. Compounds of formula I may be used sequentially with known anticancer or cytotoxic agents when a 
combination formulation is inappropriate. 

The compounds of this invention may be formulated with a pharmaceutical vehicle or diluent for oral, in- 

15 travenous or subcutaneous administration. The pharmaceutical composition can be formulated in a classical 
manner using solid or liquid vehicles, diluents and additives appropriate to the desired mode of administration. 
Orally, the compounds can be administered in the form of tablets, capsules, granules, powders and the like. 
These compounds may be administered in a dosage range of about 0.05 to 50 mg/kg/day, preferably less than 
50 mg/kg/day, in a single dose or in 2 to 4 divided doses. 
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35 



45 



50 



Process of Preparation 

Acompound of formula III below, wherein Prot 1 is an amine protecting group (e.g., f-butyloxycarbonyl (Boc), 
benzyloxycarbonyl (Cbz) and the like): 



III 



Prot 1 



g£ ..oh 
II 



can be coupled with a carboxylic acid protected derivative of an amino acid of formula IV: 
IV 

,4 rv> B, nl .2 



H 2 N >V R« C0 2 Prot' 

f 



40 A 2 

to form a compound of formula V below, wherein Prot 2 is a carboxylic acid protecting group (e.g., alkyl, benzyl, 
p-methoxybenzyl and the like) : 



Prot 1 



H 4 

Gi ? .C0 2 Prot 2 



O A 



For additional examples of amino and carboxylic acid protecting groups (as well as means of formation 
and eventual deprotection), see T.W. Greene and P.G.M. Wuts, "Protective Groups in Organic Synthesis", Sec- 
55 ond Edition, John Wiley & Sons, New York, 1991. 

A variety of coupling agents may be used for this coupling, including 1-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (EDC) with 1 -hydroxy be nzotriazole (HOBT), dicyclohexylcarbodiimide (DCC) with 
HOBT, benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluorophosphate (BOP) with or without 
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HOBT, carbonyldiimidazole(CDI), bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOP chloride), isopropyichlor- 

oformate (IPCF) and the like. 

Compounds of the formula IV are known in the art. See, for example, R. M. Williams, "Synthesis of Optically 

Active ct-Amino Acids," Pergamon Press, Oxford, 1989. 
5 Compounds of formula III can be prepared by methods known in the art. For example, see J. P. Maffrand, 

U.S. Patent No. 4,147,787 issued April 3, 1979; H. Kawakubo, et a/., J. Med. Chem. . 33, 3110 (1990); D. G. 

Harvey, et a/., J. Chem Soc.. 153 (1941); A. Brossi, et a/., J. Med. Chem. 16, 418, (1973); M. Cain, et a/., Het- 

erocycles , 19, 1003 (1982); S. Ueki, et a/., U.S. Patent No. 5,126,448 issued June 30, 1992; J. W. Skiles, et 

a/., J. Med. Chem. , 29, 784 (1986); V. Schollkopf, etal., Anqew. Chem. Int. Ed. Engl. , 26, 143 (1987); I. Huber 
10 and D. Seebach, Helvitica Chim Acta , 70, 1944 (1987); J. L Stanton, et a/., J. Med. Chem. . 26, 1267 (1983); 

and M. Okada, et a/., JP 02,193,971, 31 July 1990. 

A compound of formula V can be treated with a suitable N-deprotecting agent to provide the corresponding 

free amine of formula VI: 



15 



20 



30 



35 



40 



45 



VI 



H 

H 



-N^ ? ^C0 2 Prot 2 



YT 



O 



(The Prot 1 and Prot 2 protecting groups are chosen so that Prat 1 can be selectively removed in the presence 
ofProt 2 ). 

25 An amine of formula VI can be coupled with a suitable amine-protected amino acid of formula VII (wherein 
Prot 3 is an amine protecting group) : 



VII 



A 1 



Prot 3 s 



OH 



R 1 O 

using an appropriate coupling reagent (e.g., BOP-CI) to form a compound of formula VIII: 
VIII 



Prot 



H 

R 4 ^.C0 2 Prot 2 



(Compounds of formula VII are known in the art. See, for example, R.M. Williams, "Synthesis of Optically Active 
so a-Amino Acids," Pergamon Press, Oxford, 1989). 

Compounds of formula VIII can also be prepared by coupling a compound of the formula IX (wherein Prot 4 
is a carboxyiic acid protecting group) : 



55 
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IX 



OProt 4 



H' 




O 



with an amine-protected amino acid of formula VII above to provide a compound of formula X: 



X 



Prot 



3 




OProt 4 



R O O 



The Prot 4 protecting group of compound X can be selectively removed by methods known in the art to provide 
a compound of formula XI below: 



(The Prot 3 and Prot 4 protecting groups are chosen so that Prot 4 can be selectively removed in the presence 
of Prot 3 ). 

Coupling of a compound of formula XI with an amino ester of formula IV would then provide compound 

VIII. 

A compound of formula VIII can be selectively N-deprotected by methods known in the art to provide an 
amine of formula XII: 



(The Prot 2 and Prot 3 protecting groups are chosen so that Prot 3 can be selectively removed in the presence 
of Prot 2 ). 

Additionally, an amine of the formula Vl'(a), Vl'(b) or Vl'(c): 



XI 




XII 
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VI' (a) 



I 

HN 



10 



15 



VI' (b) 




20 



25 



VI 1 (c) 




can be coupled with a suitable amino protected amino acid of the formula VII to provide a compound of the 
30 formula Vlll'(a), Vlll'(b) or VIIP(c), respectively: 



35 



40 



VIII 1 (a) 



Prof 



45 



50 



55 



viii 1 (b) 



Prot 
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10 



VIII 1 (c) 



Prot 




15 



20 



25 



30 



(The Prot 3 protecting group can then be removed by methods known in the art.) 

Further, a compound of formula I where Y and Z are -C(O)- can be prepared by automated solid phase 
peptide synthesis using methods that are well known in the art. See, for example: 

a) M. Bodansky and A. Bodansky, "The Practice of Peptide Synthesis", Springer-Verlag, Berlin/Heidel- 
berg/New York/Tokyo, 1984; and 

b) J. M. Stewart and J. D. Young, "Solid Phase Peptide Synthesis", Pierce Chemical Co., Rockport, Illinois, 
1984. 

In another process, an amino acid of formula VII (wherein Prot 3 is a suitable amino protecting group) can 
be converted to the N-methoxy-N-methylamide of formula Xill by methods known in the art 



XIII 



A 
I 



CH 3 



CH 3 



Prot J 



I. R 2 II 



— 0 



35 A compound of formula XIII can be reduced to an aldehyde of the formula XIV by methods known in the 
art. (See, e.g., Fehrentz, ef a/., Synthesis . 676 (1983)) : 



XIV 

A 1 



Prot \ 

N C 
I R 2 II 



R 1 



Alternatively, a compound of formula XIV can be prepared by reduction of a compound of formula VII with 
a reducing agent such as borane, followed by oxidation of the resulting alcohol using, for example, the Swern 
50 method of oxidation. (See, e.g., Luly, ef a/., J. Org. Chem. . 52, 1487 (1987); or Stanfield, ef a/., J. Org. Chem. , 
46, 4797 (1981)). In yet another alternative, a compound of the formula XIV can be prepared by reduction of 
an ester analog of a compound of formula VII with a reducing agent such as diisobutylaiuminum hydride. See, 
e.g., Rich, et a/., J. Org. Chem. , 43, 3624 (1978). 

An N-protected aldehyde of formula XIV can be reductively aminated with an amine of the formula VI to 
55 form a compound of the formula XV using methods known in the art (e.g., Borch, ef a/., J. Am. Chem. Soc , 
93,2897(1971)): 
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XV 



5 




A compound of the formula XV can be treated with a suitable N-deprotecting agent to provide the corre- 
sponding free amine of the formula XVI: 



20 




(The Prot 2 and Prot 3 protecting groups are chosen so that Prot 3 can be selectively removed in the presence 
of Prot 2 ). 

25 A compound of the formula XII or XVI can be condensed with a compound of the formula XVII: 



XVII 



30 




Prot 5 

35 

using standard conditions for making an amide bond. (The imidazole group is optionally protected (Prot*) with 
agents known in the art. For example, trityl, Boc, Cbz, Bom, etc., can be used.) The resulting ester of formula 
XVIII: 

40 

XVIII 



A 1 



45 




can be deprotected with base. The imidazole, if protected, can be deprotected using standard methods and 
reagents (for example, acid for trityl, Boc or Bom, hydrogenation for Cbz, etc). 

Alternatively, a compound of formula XII or XVI can be condensed with a compound of formula XIX: 

55 



15 



*> 
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10 



15 



XIX 



N 



r 

Prot 5 



.[substituted ). 
\ alkyl / 



■CHO 



using an acid and a reducing agent (for example, NaCNBH 3 ) and deprotected as described above. 

Similarly, a compound of the formula Vlll'(a), Vlll'(b) or VIH'(c) can be N-deprotected and condensed with 
a compound of the formula XVII or with a compound of the formula XIX as described above. 

A protected imidazole alkanol can be prepared by methods known in the art See, for example, F. Schneider, 
Z. Physiol. Chem. , 3, 206 - 210 (1961) and CP. Stewart, Biochem. Journal , 17, 130 - 133 (1923). These can 
then be oxidized to provide either a compound of the formula XVII or XIX by methods known in the art. Further, 
a compound which is used like a compound of the formula XIX, can be prepared by methods known in the art 
as follows: 



20 



25 



30 



35 



45 



a- 

ff CHO 



NH 2 



1) Protecting group (s) 

2) CH3NHOCH3 , 
coupling agent 

3) LAH 




C0 2 H 



XIX 1 

Still further, a compound which is also used like a compound of the formula XIX can be prepared from an 
40 imidazolyl-alkanoic acid via reduction of the thioester with triethylsilane and palladium on carbon as follows: 



N 
H 




SEt 



[CHO 



N* 
H 



XIX' 



50 A compound of the formula XIX, XIX' or XIX" can further be oxidized also to provide a compound of the formula 
XVII.) 

Some imidazole alkanoic acids containing alkyl substituents on the carbon atoms of the imidazole ring 
can be prepared by hydrolysis of the corresponding nitriles, which can be prepared by methods known in the 
art. See, e.g., J. Med. Chem.. 19, 923 (1976). 
55 Many compounds of the invention also can be prepared by following one or more of the reaction schemes 

shown below: 
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SCHEME 1 (4'-imidazolyl) 



I. 




I Protecting group 

C0 2 R 



XX 




Prot 



XXI 



Prot 6 



(i) coupling 
agent 



HN(R 3 ) (CH 2 ) q Q 
(ii) deprotect 



<1 I 2 • 



q 



XXII 



Following Scheme 1(1), a compound of formula XX is protected with a protecting group such as t-butoxy- 
carbonyl anhydride. The resulting compound is hydrolyzed with, for example, barium hydroxide (Ba(OH)2) to 
produce a compound of the formula XXI. Acompound of formula XXI is coupled with, for example, a compound 
of the formula HN(R 3 ) (CH^qQ, and deprotected to produce the desired 4-substituted imidazole of the formula 
XXII. 

A compound of formula XX can be prepared as follows: 




C0 2 H 



i coupling 
H 2 N C0 2 R 



Y Lawesson 

Reagent 
C0 2 R 




C0 2 R 



NaBH 4 , NiCl 2 
(Reducing agent) 



XX 



In this reaction scheme 1(l)a, an amide is reduced to a methylene amine using, for example, the two-step 
method as shown. An example of a suitable coupling agent is EDC (This two-step reduction scheme may also 
be used to prepare a compound of the formula XXII from 
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by selective reduction of the secondary amide. Similarly, a compound of the formula XXII" and a compound 
10 of the formula XXir can be prepared from the corresponding precursor.) 

Alternatively, a compound of formula XX can be prepared from histamine in the reductive amination 
scheme shown below: 



15 



20 




? reducing 
agent > 

O C0 2 R 



XX 



Additionally in Scheme 1, a compound of formula XXI can be further protected if necessary: 



25 



30 



XXI 



Protecting groug 




Prot c 



XXI 



A compound of formula XXI' can then be treated as described above for a compound of formula XXI to 
obtain the desired product, a compound of formula XXII. 
35 Depending on the final product desired (see the definition of G in the general formula), a compound of 

formula XXI can also be treated as follows: 



40 



45 



50 



55 



(1) 



XXI 



(i) coupling 
agent 




(ii) deprotect 



o 



<1 I XU 



XXII' 
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(2) 




(ii) deprotect 



A 4 -imidazolyl analog may also be prepared by following the "left- to- right" synthesis as shown below in 
Scheme 1(11). 



II. 




Q 



III. Additionally, the N*-alkylated 4 -imidazolyl analogs can be prepared as follows: 
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(i) coupling 2 3 

XXI agent / 1 R R 



HN(R 3 ) (CH 2 ) q Q H ^ f |i w q 

Prot 6 




-• -6 H 



Protecting group 



Prot 9 
I 



(e.g., Boc 2 0) ^ N ^| R 2 r3 



Base N 




Prot 6 " 



R'OH *~ R'OTf 

Base N 



(e.g., diisopropyl \ ^Jl^ vQ 
ethylamine) ^ 

R * 



deprotect 
(TFA) ^ ^ 



Prot« % 



o 



XXII IV 



aqueous 
XX K 2 C0 3 



IV. An amino-substituted 4'-imidazolyl analog can be prepared as follows: 

pto 2 



H g C °2 R 



EtOH 

K 

XX 1 



H K C °2 R 



As shown, a compound of the formula XX is treated with a diazonium salt under basic conditions. The prod- 
uct is hydrogenated and results in a compound of the formula XX*. 

Then, a compound of formula XX' can be treated as described above for a compound of the formula XX 
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to obtain the desired product, a compound of the formula XXII V : 

XXI I v 

N — . 

R R 3 



10 0 
SCHEME 2 (2'-imidazolyl) 

A2'-imidazolyl analog of the formula XXIII; 

15 

XXIII 



H 

can be protected and then treated like a compound of formula XXI to obtain a compound of formula XXIV: 
XXIV 



25 



C, R 2 R 3 

N H 0 



30 II , ? ^V^ N V^Q 

H 

35 A compound of formula XXIII can be prepared as follows: 



40 



N — OH + 



H I ^ — ' DEAD 

S0 2 CF 3 



45 



50 



N ' C0 2 CH 2 



H I > — ' catalyst 

SO2CF3 



55 
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(l 1 1 Na/NH 3 

1^ / xt"^™ « *~ XXIII 

5 N N C0 2 H 

H I 

S0 2 CF 3 

In this scheme, the hydroxyl group in the starting material is displaced; the ester in the resulting compound 
10 is cleaved as noted; and the -S0 2 CF 3 group is removed. 
A compound of the formula XXIIP: 



XXIII' 

15 



20 

can be prepared as follows: 



r y^-s^N co 2 h 

¥ I 2 



Prot 10 



N oh Sw ern 

CHO 

I ^ conditions 1 

Prot 10 I 



30 ~ Prot 



reducing 
agent 



amine XXIII' 



40 




Prot 10 

45 

is prepared by the Wittig Reaction as follows: 

50 
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CHO 



Wittig Reaction 





C0 2 Et 



i) H 2 



5 



ii) LiAlH* 



Prot 10 



Prot 10 



10 




OH 



Prot 10 



15 



A compound of the formula XXIir can then be treated like a compound of formula XXI or a compound of formula 
XXIII to obtain a compound of formula XXIV: 



XXIV 



25 



SCHEME 3 (N-imidazolyl) 

In methods which are similar to the methods described in Scheme 1 , the following N-imidazolyl compounds 
30 can be made: 



40 



45 



50 



20 




R' 
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I . 



N^^N (CH 2 ) n - 



R 2 

JL Protecting group 

• N C0 2 R ► 

H 



XXV 



R2 d2 
JL Hydrolyze I 



w 



Prot* 



w 



I 



Prot e 



XXVI 



,2 R 3 



( i ) coupling 
agent 

(1) HN(R 3 ) {CH 2 ) q Q 
(2) 



{1) N^N—(CH 2 ) n H 




HN- 

(ii) deprotect 



(2) 



(3) 



.-AX 



XXVII 



N^N- (CH 2 ) B - N^Y *' 




H 

XXVII' 



R 8 / ( 



XXVII* 



A compound of formula XXV can be prepared as follows: 



(CH 2 ) n -NH 2 + I reducing 

*_£^ ^ xxv 

O C0 2 R 
XXVIII 



n = 2 or 3 

1. The compound of formula XXVIII, when n is 3, is commercially available. The compound of formula XXVIII, 
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when n is 2, can be prepared as follows: 



N 



NH 



+ 



Br 




N 





O 



O 



deprotecfc 



XXVIII 



NH 2 NH 2 



where n is 2 

Side-chain protecting groups may be used in these processes with amino acids having reactive function- 
alities, such as hydroxyl, carboxyi, amino, mercapto, guanidino, imidazolyl, indolyi and the like. The particular 
protecting groups used for any amino acid residues depend upon the sidechains to be protected and are gen- 
erally known in the art Exemplary sidechain protecting groups include acetyl, benzoyl, benzyl, t-butyl and the 
like for hydroxyl; cyclohexyl, benzyl, methyl, ethyl, t-butyl and the like for carboxyi; benzyl, 4-methyl benzyl, 4- 
methoxybenzyl, acetyl, acetamidomethyl, triphenylmethyl (trityl) and the like for mercapto; t-butoxycarbonyl 
(Boc), benzyloxylcarbonyi (Cbz), N-[(9H-Fluoren-9-ylmethoxy)carbonyl] (Fmoc), phthaloyl (Pht), p-toluenesul- 
fonyl (Tos), trifluoroacetyl, 2-(trimethylsilyl)ethoxycarbonyl (Teoc) and the like for amino; 2,4-dinitrophenyl, 
benzyloxymethyl, Tos, Boc, trityl and the like for imidazolyl; formyl, Cbz, Teoc, 2,2,2-trichloroethyl carbamate 
(TROC) and the like for indolyi; and tosyl, nitro, bis(l-adamantyloxycarbonyl) and the like for guanidino. 

Side-chain protecting groups may be removed, if desired, by, for example, treatment with one or more de- 
protecting agents in an inert solvent or solvent mixture. For examples of protecting groups and suitable de- 
protecting agents, see M. Bodansky and A. Bodansky, The Practice of Peptide Synthesis", Springer-Verlag, 
Inc. (1984); and T. W. Greene and P.G.M. Wuts, "Protective Groups in Organic Synthesis", Second Edition, 
John Wiley & Sons, New York, 1991. 

The invention will now be further described by the following working example(s), which are preferred em- 
bodiments of the invention. All temperatures are in degrees Celsius (°C) unless otherwise indicated. These 
examples are illustrative rather than limiting. 



(R*)-N-[[1,2,3,4-Tetrahydro-2-[N^ 
trifluoroacetate salt 



Example 1 




O 



OH 
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A. (R>N-[[2-[(1,1-Dimethyiethoxy)ca^ me- 



thyl ester 



Asolutionof(S)-3,4-dihydro-2,3(1H)-isoquinolinedicarboxylic acid, 2-(1,1-dimethylethyl) ester (2.0 g, 7.21 
5 mmol) and L-methionine methyl ester HCI (1.44 g, 7.21 mmol) In 5:15 N-methyl pyrrol id inone (NMP) -dlchloro- 
methane was stirred at4°C. N,N-Diisopropylethylamine (DIEA, 1.23 mL, 7.21 mmol) was added, followed by 
N-hydroxybenzotriazole (HOBT, 974 mg, 7.21 mmol). The mixture was stirred for 5 minutes, then 1-ethyl-3- 
(3-dimethylaminopropyl)carbodiimideHCI (EDC, 1.38 g, 7.21 mmol) was added. The reaction mixture was al- 
lowed to come to room temperature, stirred overnight and partitioned between dichloromethane and saturated 
10 sodium chloride. The organic phase was washed successively with aqueous citric acid, sodium bicarbonate 
and sodium chloride, dried over magnesium sulfate, and concentrated under vacuum to give 2.64 g (86%) of 
Compound A. 

B. (R*)-N-[(1 ,2,3,4-Tetrahydro-3HSoquinolinyl)carbonyl]-L-methionine, methyl ester 

15 

A solution of Compound A (2 g, 6.22 mmol) in 10 mL dichloromethane was treated at room temperature 
with 1 0 mL trif luoroacetic acid (TFA) and 0.5 mL dimethyl sulfide, and stirred for 0.5 hour. The reaction mixture 
was concentrated under vacuum, dissolved in dichloromethane and concentrated. This procedure was repeat- 
ed five times to yield Compound B (99%) as a clear glass. 

20 

C. (R>N-[[2-[N-[(1,1-Dimethylethoxy^ 
thionine, methyl ester 

Compound B (4.73 mmol) was dissolved in dichloromethane (20 mL) and cooled to 0°C. N-t-Butyloxycar- 
25 bonyl-L-valine (2.06 g, 9.47 mmol), bis(2-oxo-3-oxazolidinyl)phosphinic chloride (BOP chloride, 1.2 g, 4.7 
mmol) and DIEA (1 .6 mL, 9.5 mmol) were added. The mixture was stirred for 24 hours at 0°C. Additional BOP 
chloride (1.2 g, 4.7 mmol) and DIEA (0.8 mL, 4.73 mmol) were added and the mixture was stirred for an addi- 
tional 12 hours at 0°C. The mixture was concentrated and chromatographed (silica gel, eluting with 50% ethyl 
acetate, 50% hexane). Appropriate fractions were collected and concentrated to yield Compound C as a clear 
30 oil (2.4 g, 97%). 

D. (R*)-N-[[2-(L-Valyl)-1 ,2,3,4-tetrahydro-3-isoquinolinyl]carbonyl]-L-methionine, methyl ester, hydrochloride 

Compound C (100 mg, 0.192 mmole) was dissolved in 4N hydrochloric acid in dioxane at 0°C for 1 hour. 
35 The solution was concentrated under vacuum to afford a pink oil which was chased with diethyl ether (3 x 20 
mL) and triturated with diethyl ether to afford 81 mg (91%) of Compound D as a pink solid. 

E. (R*)-N-[[1 ,2,3,4-TetrahydrD-2-[N-[2-(1H-imidazol-4-ylacetyl)]-L-valyl]-3-isoquinolinyl]carbonylh 
nine, methyl ester 

40 

To a solution of imidazole-4-acetic acid (34 mg, 0.21 mmol), HOBT (28.3 mg, 0.21 mmol) and Compound 
D (81 mg, 0.18 mmol) in 2 mL of dichloromethane at 0°C was added N-methyl morpholine (NMM, 44 mL, 0.40 
mmol) followed by the addition of EDC (40 mg, 0.21 mmol). The mixture was stirred at room temperature for 
18 hours and partitioned between water and dichloromethane. The organic phase was washed with water and 
45 brine, and dried (magnesium sulfate, MgS0 4 ). The solvent was removed under vacuum to afford 53 mg (55%) 
of Compound E. 

F. (R*)-N-[[1,2,3,4-Tetrahydro-2-[N-[2-(1H-imidazol-4-ylacetyl)]-L-valyl]-3-te 
nine, trifluoroacetate salt 

50 

To a cooled solution of Compound E (53 mg, 0.1 mmol) in methanol (2 mL) was added a solution of lithium 
hydroxide (16.5 mg, 0.4 mmol) in 3 mL of water. The mixture was stirred at 0°C for 3 hours and concentrated 
under vacuum. The residue was dissolved in 5 mL of (80:20) water/aceton it rile/0.1% TFA. The solution was 
subjected to preparative HPLC on an octadecylsilane column (S-10; 30 x 500) using a gradient system from 
55 80% water 20% acetonitrile: 0.1% TFA to 55% water: 45% acetonitrile: 0.1% TFA over 50 minutes at 40 
mL/min. Under these conditions, Compound Fe luted after approximately 37 minutes. Fractions were analyzed 
by analytical reversed phase HPLC, and those containing product with a minimum purity of 99% were pooled 
and lyophiiized to afford 37 mg (62%) of the title compound as a white solid. 
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Ms: (M+H) + 516 

Analysis for C25H33N5O5S - 0.5 H 2 O-0.75 CFgCOaH: 
Calculated: C, 52.25; H, 5.58; N, 11.50; S. 5.26; F, 7.02. 
Found: C, 52.27; H, 5.45; N, 11.10; S, 5.42; F, 7.05. 

Example 2 



10 



15 




(R^N-[[1,2,3,4-Tetrahydro-2-[N-(1H-im^^ 
trifluoroacetate (1:1) salt 

25 A. 5-HydroxymethyM -triphenylmethyl-imidazole 

A solution of triphenylmethyl chloride (2.2 g, 7.9 mmol) in dimethylformamide (DMF, 5 mL) was added to 
a mixture of 4-hydroxymethylimidazole (1 g, 7.4 mmol) and triethylamine (2.5 mL, 18 mmol) in DMF (7.5 mL). 
The mixture was stirred for 1 8 hours, filtered and the solid was washed with water and dried under vacuum to 
30 afford 2.33 g (93 %) of Compound A as a white solid. 

B. (1-Triphenylmethylimidazol-5-yl)carboxaldehyde 

A mixture of compound A (2.33 g f 6.85 mmol) in dioxane (100 mL) was heated to 85°C to obtain a homo- 
35 geneous solution. The heat source was removed, solid manganese dioxide (Mn0 2 , 5 g, 57.5 mmol) was added • 
all at once and the mixture was stirred until the temperature began to drop. The mixture was heated for 6 hours 
at 85°C, filtered through a pad of Celite® and the filtrate was concentrated. The white solid was dissolved in 
dichloromethane (20 mL), hexanes was added and the mixture was allowed to stand overnight. The solid was 
filtered and dried to afford 1 .86 g (80%) of Compound B as a white solid. 

40 

C. (1-tripheny1methyl-imidazol-5-y1)carboxylic acid 

Solid silver oxide (Ag 2 0, 0.68 g, 3.0 mmol) in water (4 mL) at 55°C was treated with sodium hydroxide 
(NaOH, 570 mg, 14.4 mmol). Compound B (1 g f 3.0 mmol) was added and the mixture was stirred at 55°C for 
45 1 5 minutes. The mixture was filtered hot through a pad of Celite® and the filtrate was acidified to pH 3.5 with 
6N hydrochloric acid (HCI). The resulting tan solid was collected, rinsed with water and dried under vacuum 
to afford 110 mg (10 %) of Compound C. 

D. (R*)-N-ni,2 t 3 t 4-Tetrahydro-2-^^ 
50 nyl]-L-methionine. methyl ester 

Compound D was prepared from Compound C and Compound D from Example 1 as described for com- 
pound E from Example 1 . 

55 E. (R>N-[[1,2,3,4-Tetrahydro-2-[N-(1-triphe 
nyl]-L-methionine 

To a cooled solution of Compound D (110 mg, 0.145 mmol) in methanol (5 mL) was added a solution of 
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1N sodium hydroxide (5 mL). The mixture was stirred for 2 hours and concentrated to remove methanol and 
the residue was partitioned between water and dichloromethane. The aqueous layer was acidified to phi 4 with 
6N HCi and extracted with dichloromethane (4x). The combined organic phases were washed with water and 
brine and dried (MgS0 4 ). The solvent was removed to afford 106 mg (98%) of crude Compound E. 

5 

F. (R^-N-fll^^-Tetrahydro^-FN-t^ 
nine, trifluoroacetate (1:1) salt 

To a degassed solution of triethylsilane (0.23 mL, 1.4 mmol) and TFA (5 mL) in dichloromethane (5 mL) 
10 was added Compound E. The mixture was stirred for 4 hours, concentrated and the residue was dissolved in 
25 mL of (80:20) water/acetonitrile/0.1 % TFA. The mixture was centrif uged and decanted to remove insoluble 
materials. The solution was subjected to preparative HPLC on an octadecyisilane column (S-1 0; 30 x 500) using 
a gradient system from 80% water:20% acetonitrile:0.1% TFA to 55% water:45% acetonitrile:0.1% TFA over 
50 minutes at 40 mL/minute. Underthese conditions, Compound F eluted after approximately 29 minutes. Frac- 
15 tions were analyzed by analytical reversed phase HPLC and those containing product with a minimum purity 
of 99% were pooled and lyophilized to afford 14 mg (19.6%) of the title compound as a white solid. 
MS: (M+H) + 502 





Analysis for C 2 4H3iN 5 0 5 S - 0.57 H 2 Q-1.25 CF 3 C0 2 H: 


20 


Calculated: 


C, 48.52; 


H, 5.15; 


N, 10.67. 




Found: 


C, 48.52; 


H, 4.96; 


N, 10.52. 



25 



Example 3 



30 



35 



40 




H 3 C CH 3 



,SCH 3 



45 



50 



55 



(R^N-[[1,2,3,4-Tetrahydro-2-[N-(2-(1H-im^ 
trifluoroacetate (2:5) salt 

A. S-ethyl-(1 -ethoxycarbonyl-imidazoM-yl)thioacetic acid 

To a mixture of 4-imidazole acetic acid (2 g, 12 mmol) and triethylamine (5.1 mL, 37 mmol) in dichlorome- 
thane (40 mL) at 0°C was added a solution of ethylchloroformate (2.5 mL, 26 mmol) in dichloromethane (10 
mL) over 20 minutes to maintain the reaction temperature between 0-5°C. The mixture was stirred for 15 min- 
utes and ethanethiol (2.0 mL, 28 mmol) and 4-(N,N-dimethylamino)pyridine (DMAP) (1 00 mg) were added con- 
secutively. The mixture was stirred for 30 minutes at 0°C, warmed to room temperature, washed with water 
and brine, dried (MgS0 4 ) and evaporated. The residue was absorbed on a plug of silica gel and the plug was 
eluted with dichloromethane to remove the unreacted ethanethiol followed by 10% methanokdichloromethane. 
Fractions containing product were combined and evaporated to yield 0.55 g of Compound A as an oil. 
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B. (1-ethoxycarbonyl-imidazol-4-yl)acetaldehyde 

To a degassed solution of Compound A (0.5 g, 2.1 mmol) and triethytsilane (1 .64 mL, 10.3 mmol) in acetone 
(15 mL) was added 10% palladium on carbon (100 mg). The mixture was stirred 1 hour, filtered through a pad 
5 of Celite® and the filtrate concentrated to afford 0.37 g (98%) of Compound B as an oil. 

C. (R^N-fl1 t 2 t 3 t 4-Tetrahydro-2W 
nine 

10 To a solution of Compound D from Example 1 (83 mg, 0.18 mmol) and Compound B (100 mg) in methanol 
(5 mL) was added solid sodium cyanoborohydride (NaBH 3 CN, 23 mg, 0.36 mmol). After 10 minutes, additional 
amounts of NaBH 3 CN (23 mg, 0.36 mmol) and acetic acid (21 uL, 0.36 mmol) were added and the mixture 
was stirred 30 minutes. Two additional portions of Compound B (150 mg), NaBH 3 CN (46 mg, 0.72 mmol) and 
acetic acid (41 uL, 0.72 mmol) were added over 1 hour. The mixture was stirred for 18 hours and evaporated, 

15 and the residue was dissolved in methanol (5 mL). NaOH (1 N, 4 mL) was added, the solution was stirred 1 
hour and the methanol was evaporated. The aqueous phase was diluted to 10 mL with water, and 1 mLofTFA 
was added. The mixture was sitrred 10 minutes, concentrated, and the residue was dissolved in 25 mL of 
(80:20) waterracetonitrile containing 0.1 % TFA. The mixture was centrif uged and decanted to remove insoluble 
materials. The solution was subjected to preparative HPLC on an octadecytsilane column (S-1 0; 30 x 500) using 

20 a gradient system from 80% water: 20% acetonitriie: 0.1 % TFA to 55% water. 45% acetonitrile: 0.1 % TFA over 
50 minutes at 40 mL/minute. Under these conditions, the product eluted after 32 minutes. Fractions containing 
product with a minimum purity of 99% were pooled and lyophilized to afford 22 mg of the title compound (24%) 
as a white solid. 



MS: (M+H) + 502 



25 


Analysis for C25H35N5O4S - 0.3 H 2 0-2.5 CF 3 C0 2 H: 




Calculated: 


C, 45.49; 


H, 4.84; 


N, 8.84. 




Found: 


C, 45.49; 


H, 4.68; 


N, 8.77. 



30 



Example 4 



40 




N-[(2,3-Dichlorophenyl)methyl]-N 2 -(1H-imidazol-4-ylacetyl)-L-isoleucinamide 

A. N-[(1 ,1-Dimethylethoxy)-caroonyl]-L-isoleucine, 2,3-dichlorobenzylamide 

A suspension of Boc-isoleucine hemihydrate (0.61 g, 2.5 mmol), 2,3-dichlorobenzylamine hydrochloride 
(0.36 g, 1.75 mmol), NMM (0.22 mL, 2.0 mmol), EDC (0.48 g, 2.5 mmol) and HOBT (0.34 g, 2.5 mmol) in 10 
mL of 9:1 THF:DMF was stirred 13 hours. Half saturated sodium hydrogen carbonate and ethyl acetate were 
added, the mixture was partitioned, the organic phase was washed again with aqueous sodium hydrogen car- 
bonate, twice with aqueous 5% potassium hydrogen sulfate and once with brine, dried (MgS0 4 ) and evaporated 
to afford 0.90 g of foamy gum. Flash chromatography on silica with 25% ethyl acetate/hexanes provided 0.61 
g (92%) of Compound A as a white solid. 
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B. L-isoleucine, 2,3-dichlorobenzylamide, hydrochloride 

To Compound A (0.60 g, 1 .5 mmol) was added 2 ml_ of 4N hydrogen chloride in dioxane. The solution was 
stirred for 1.5 hours, evaporated and chased with ether, and the resulting white solid was suspended in ether, 
5 filtered, rinsed with ether and dried to afford 0.47 g (94%) of Compound B as a white solid. 

C. N-[(2,3-Dichlorophenyl)methyl]-N 2 -(1HHmidazol>4-ylacetyl)-LHSOleucinamide 



10 



15 



20 



25 



30 



35 



Amixture of Compound B (0.12 g, 0.35 mmol), imidazole-4-acetic acid hydrochloride (0.12 g, 0.71 mmol), 
NMM (0.12 mL, 1.0 mmol), EDC (0.138 g, 0.71 mmol) and HOBT (0.095 g, 0.71 mmol) in 3 mL of DMF was 
stirred overnight. The DMF was removed under vacuum with gentle warming, half saturated sodium hydrogen 
carbonate was added, and the mixture was extracted twice with 1 0% isopropanol/methylene chloride. The com- 
bined organic phases were washed with brine, dried (MgS0 4 ) and evaporated to afford 0.18 g of off-white ge- 
latinous solid which was subjected to flash chromatography on silica with 5% methanol/methylene chlor- 
ide/0.5% ammonium hydroxide followed by 1 0% methanol/methylene chloride/1 % ammonium hydroxide. Frac- 
tions containing clean product were evaporated, the residue was taken up in 10% isopropanol/methylene chlor- 
ide, dried (MgS0 4 ) and evaporated to afford 0.1 3 g (94%) of white solid, which was rinsed with ether to provide 
the title compound, mp 167-169°C. 



Analysis calculated for C 18 H22N 4 O2Cl2-0.20 H 2 O-0.07 C 4 H 10 O: 



Calculated: 
Found: 



C, 54.07; 


H, 5.73; 


N, 13.80; 


C, 54.06; 


H, 5.58; 


N, 13.86; 



CI, 17.46. 
CI, 17.06. 



Example 5 



H H 3 C \ ^ ^ 



CH 3 



40 



45 



50 



55 



(S)-N-[2-Methyl-1-[(1,2,3,4-tetrahydro-2-isoquinolinyl)carbonyl]butyl]-1H-imidazole-4 acetamide 

A. 2-[N-[(1,1-Dimethylethoxy)-carbonyl]-L-isoleucyl]-1,2,3,4-tetrahydroisoquinoiine 

Compound A was prepared as a clear gum from Boc-isoleucine hemihydrate and 1,2,3,4-tetrahydroiso- 
quinoline as described for Compound A of Example 4. 

B. 2-(L-isoleucyl)-1 ,2,3,4-tetrahydroisoquinoline, hydrochloride 

To Compound A (1.60 g, 4.62 mmol) was added 6 mLof 4N HCI in dioxane. The solution was stirred 2.25 
hours, evaporated and chased with ether twice to afford 1 .29 g (98%) of Compound B as a foamy white solid. 

C. (S)-N-[2-Methyl-1-[(1 .^S^-tetrahydr^-isoquinolinyQcarbonyllbutyq-IH-imidazole^ acetamide 

The title compound was prepared as an off-white solid from Compound B and imidazole-4-acetic acid hy- 
drochloride as described for Example 4, mp 73-78°C. 
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5 



Analysis calculated for C20H26N4O2-O.4 H 2 0: 


Calculated: 
Found: 


C, 66.42; 
C, 66.35; 


H, 7.47; 
H, 7.59; 


N, 15.49. 
N, 15.14. 



Example 6 



10 



15 



20 




CONH2 

25 

(R*)-N-2-[[1,2,3,4-Tetrahydro-2-[N-(^^ 
glutamine, trifluoroacetate (1:2) salt 

30 A. 1-Triphenylmethyl-imidazole-2-carboxaldehyde 

To a solution of imidazole-2-carboxaldehyde (700 mg, 7.28 mmol) and DIEA (3.05 mL, 1 7.5 mmol) in DMF 
(8 mL) was added a solution of triphenylmethyl chloride (2.23 g, 8.00 mmol) in DMF (25 mL) dropwise. The 
mixture was stirred for 16 hours, poured into water and extracted 3 times with ethyl acetate. The combined 
35 organic layers were washed twice with water and once with brine, dried (MgS0 4 ) and concentrated, and the 
residue was chromatographed (silica gel, 50% ethyl acetate/hexane) to yield Compound A as a slightly yellow 
solid (800 mg, 39 %), (M+H) + 339 + . 

B. 3-Methyl-N-[(phenylmethoxy)carbonyl]-L-valine 

40 

To a solution of L-tert-leucine (10.2 g, 77.6 mmol) in aqueous sodium hydroxide (2N, 40 mL) at 0°C was 
added benzyl chloroformate (12.1 mL, 85.4 mmol) and sodium hydroxide (2N, 40 mL) alternatively in 5 portions 
over 30 minutes. The cold bath was removed and after 1 hour the pH of the mixture was adjusted to 10. The 
mixture was extracted twice with ether. The aqueous layer was cooled to 0°C and acidified (pH 2) with 5 N 
45 hydrochloric acid and extracted 3 times with ether. The organic layer was dried (magnesium sulfate) and con- 
centrated to afford Compound B as a thick oil (18.2 g, 88%). MS (CI) : (M+H) + = 266 + . 

C. (S)-1 ,2,3,4-Tetrahydrc-2-[3-methyl-N-K^ acid, 
methyl ester 

50 

To a solution of Compound B (5.31 g, 20 mmol) in dichloromethane (80 mL) at 0°C under argon were se- 
quentially added DIEA (10.6 mL, 60 mmol), benzotriazol-1-yloxytris-(dimethylamino)phosphonium hexafluor- 
ophosphate (BOP, 5.08 g, 20 mmol) and (S)-1 ,2,3,4-tetrahydroisoquinoline-3-carboxylic acid, methyl ester, hy- 
drochloride (5.68 g, 25 mmol). The reaction mixture was allowed to warm to 5°C over 2 hours and stirred 16 
55 hours. The mixture was washed with 1N hydrochloric acid, saturated sodium bicarbonate and brine. The or- 
ganic layer was dried (magnesium sulfate), filtered and concentrated to afford an oil. Purification by flash silica 
gel column chromatography eluting with 20% ethyl acetate in hexanes afforded Compound C (4.0 g, 45%). 
MS: (CI) (M+H) + = 439 + . 
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D. (S)-1,2,3,4-Tetrahydro-2-[3-methyl-N-[(phenyl^^ acid 

To a solution of Compound C (830 mg, 1 .9 mmol) in THF/methanol (4 mL/5 mL) at room temperature was 
added lithium hydroxide (1N, 1.9 mL). After 1 hour, additional lithium hydroxide (1N, 1.5 mL) was added. After 
5 2 hours, sodium hydroxide (1N, 1 .9 mL) was added. After another hour, solvent was removed and the residue 
was partitioned between 1 N hydrochloric acid and ethyl acetate. The organic layer was dried (magnesium sul- 
fate) and concentrated to afford Compound D (820 mg). 

E. (R>N 2 -ni t 2,3,4-Tetrahydrc-2-[3-me^ 
10 L-glutamine, 1,1-dimethylethyl ester 

To a solution of Compound D (0.9 g, 2.1 mmol), L-glutamine t-butyl ester hydrochloride (0.50 g, 2.1 mmol), 
and BOP (0.93 g, 2.1 mmol) in 3:1 CH 3 CN:DMF (26 mL) was added DIEA (1.1 mL, 6.3 mmol). The solution 
was stirred for 16 hours, quenched with 1N HCI (100 mL) and extracted 4 times with ethyl acetate, and the 
15 combined organic extracts were washed 3 times with 1 0% LiCI, dried (MgS0 4 ), filtered and concentrated. The 
residue was purified by flash chromatography (1/1 hexane/acetone) to afford Compound E (1 .1 g, 87%) as a 
white solid, mp 60-68°C. MS: (M+H) + 609. 

F. (R>NH[1>2,3,4-Tetrahydro-2-(3-methy1-L-valyl)-3-isoquinolinyl]-carbonyl]-L-glutamine 1,1-dimethyle- 
20 thyl ester, hydrochloride 

Palladium hydroxide on carbon (10%, 91 mg) was added to a solution of Compound E (0.91 g, 1.5 mmol) 
in THF (9.1 mL) with 1N HCI (1.5 mL). A balloon containing hydrogen was attached to the flask and the mixture 
was stirred for 3 hours. The mixture was filtered through Celite® and the filtrate concentrated under vacuum 
25 to afford Compound F (0.77 g, 100%) which was used without further purification. MS: (M+H) + 475 (free base). 

G. (R*)-N-2-[[1,2,3,4-Tetrahydit)-2-[N-(1-triphenylmethyl-imidazol-2-ylmethyl)-3-methyl-L 
nyl]carbon-yl]-L-glutamine, 1,1-dimethylethyl ester 

30 Compound A (332 mg, 0.97 mmol) and Compound F (250 mg, 0.489 mmol) were dissolved in methanol 

(20 mL) and glacial acetic acid (0.4 mL). Sodium cyanoborohydride (31 mg, 0.489 mmol) was added portionwise 
over 15 minutes. The mixture was stirred for 16 hours and cooled to 0°C, and saturated sodium hydrogen car- 
bonate (30 mL) was slowly added. The mixture was concentrated and extracted with ethyl acetate. The ethyl 
acetate layer was washed with water and brine, dried (MgS0 4 ), concentrated and chromatographed (silica gel, 

35 95% methylene chloride, 5% methanol). Fractions containing the desired compound were collected, concen- 
trated and purified by preparative HPLC (YMC S-10 ODS column, 30 X 500 mm; 18% to 63% methanol: water 
containing 0.1 % TFAover 40 minutes at 20 mL/min). Fractions containing the desired product were combined, 
concentrated, extracted twice with methylene chloride, dried (MgS0 4 ) and concentrated to yield Compound 
G as a clear oil (1 30 mg, 33%), (M+H) + 797 + . 

40 

H. (R>N-2-[[1,2,3,4-Tetrahydro-2-[N-(1H-imidazo»-2-ylmethyl)-3-methyl-L-valyl]-3-isoquinolinyl] 
L-glutamine, trifluoroacetate (1:2) salt 

Compound G (130 mg, 0.34 mmol) was dissolved in methylene chloride (10 mL), TFA (10 mL) and trie- 
45 thylsilane (0.5 mL), and the mixture was stirred for 1 hour. The mixture was concentrated, dissolved in methy- 
lene chloride (60 mL) and concentrated. This procedure was repeated five times to yield the crude product as 
a white sticky solid in quantitative yield. The crude solid was purified by preparative HPLC (YMC S-10 ODS 
column, 30 X 500 mm; 18% to 63% methanol :water containing 0.1% TFA over 40 minutes at 20 mL/min). Frac- 
tions containing the desired product were combined and lyophilized to provide 53 mg (17 %) of the title com- 
50 pound, mp 89-90°C. 

[a]D25° = - 34.0° (c = 0.1, methanol) 
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Analysis calculated for C25H34N 


Aj-3.20 CF 3 CO 2 H-2.60 


H 2 0: 








Calculated: 


C, 41.43; 


H, 4.69; 


N, 9.23. 


Found: 


C, 41.43; 


H, 4.25; 


N, 8.92. 



Example 7 

10 



,CH 3 




(R*)-N^[I1 T 2,3ATetrahydro-2-[N-[(1-methyl-1H-imidazol^yl)acetyl]-3-meth 
25 bonyl]-L-glutamine, trifluoroacetate (1 :2) salt 

A. (R*)-N 2 -[[1 ,2,3,4-Tetrahydro-2-[N-[(1-rnethyl-1 H-imidazol-4-yl)acetyl]-3- methyl- L-valyl]- 3- isoquinolinyl] car* 
bonyl]-L-glutamine, 1,1-dimethylethyl ester 

30 Compound A was prepared from Compound F of Example 6 and 1 -methyl im id azole-4-acetic acid hydro- 

chloride as described for Compound E of Example 1 , (M+H) + 596 + . 

B. (R>N 2 -fl1,2 t 3,4-Tetrahydro-2-M 
nyl]carbonyl]-L-glutamine, trifluoroacetate (1:2) salt 

35 

A mixture of TFA (2 ml_) and Compound A (100 mg, 0.168 mmol) in dichloromethane (5 ml_) was stirred 
two hours and concentrated. The residue was dissolved in 25 mL of (80:20) water/aceton it rile/0.1% TFA and 
the mixture was centrifuged and decanted to remove insoluble materials. The solution was subjected to prep- 
arative HPLC on an octadecylsilane column (S-10; 30 x 500) using a gradient system from 80% waten20% 

40 acetonitrile:0.1 % TFA to 55% water:45% acetonitrile:0.1 % TFA over 50 minutes at 50 mL/minute. Under these 
conditions, the peptide eluted after approximately 18.2 minutes. Fractions were analyzed by analytical reverse 
phase HPLC and those containing enriched product were pooled and lyophilized. The residue was dissolved 
in water (5mL), 1N NaOH was added to pH 10 and the solution was stirred 15 minutes and acidified to pH 2.5 
with TFA. The solution was applied to a C-18 sep-pak cartridge (2g), which was prewashed with 2 column vol- 

45 umes of acetonitrile and 10 column volumes of water. The cartridge was eluted with water followed by 10% 
aqueous acetonitrile:0.1% TFA (10 mL) and then 30% aqueous acetonitrile:0.1% TFA. Fractions containing 
clean product were combined to afford 27 mg (30%) of the title compound as a white solid. 
MS: M+H = 556, M+ Li = 562. 



Analysis calculated for C 27 H3eN 6 0 6 Li-1 .0 CH 3 OH: 1 .33 


H 2 0: 








Calculated: 


C, 54.45; 


H, 6.96; 


N, 15.87. 


Found: 


C, 54.55; 


H, 6.78; 


N, 15.48. 
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Example 8 




(R*)-N 2 -R1,2A4-Tetrahydrch2-[N-[3-n^ 
bonyl]-L-glutamine, trifluoroacetate (1 :2) salt 

A. (R*)-N 2 -B1 t 2,3,4-Tetrahy^ 

isoquinolinyl]-carbonyl]-L-glutamine, 1,1-dimethylethyl ester 

Compound A was prepared from Compound F of Example 6 and (N-triphenylmethylimida20l-4-yl)propionic 
acid as described for Compound E of Example 1, (M+H) + 596 + . 

B. (R*)-N 2 -ni,2 t 3ATetrahydro-2^ 
carbonyl]-L-glutamine, trifluoroacetate (1:2) salt 

The title compound was prepared as a white solid from Compound A as described for Compound F of Ex- 
ample 2. 
MS: M+H = 541. 

Analysis calculated for C27H36N6O6-2 . 13 CF 3 C0 2 H : 
0.31 H 2 0: 

Calculated: C, 47.92? H, 4.91; N, 10.73. 
Found: C, 47.58; H, 5.20; N, 11.11. 

Example 9 




(R>N-[[1,2,3,4-Tetrahydro-2-[N-(1^ 
trifluoroacetate (1:1) salt 
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A. (R*)-N-[[2-[N-[(1 1 1 -Dimethylethoxy)carbonyl1-L-valyl]-1 ^.a^tetfahydro-a-isoquinolinyilcarfaonylj-L-me- 
thionine 

A mixture of Compound C of Example 1 (1.0 g, 1 .91 mmol) in methanol (20 mL) and 5N NaOH (5 mL) was 
5 stirred for 3 hours, neutralized to pH 7 using 5N HCI (4.8 mL) and concentrated. The residue was dissolved 
in ethyl acetate (100 mL) and water (100 mL), the layers were separated, and the aqueous layer was acidified 
to pH 2 using 5N HCI and re-extracted with ethyl acetate (2 X 50 mL). The combined organic layers were wash- 
ed with brine (100 mL), dried (MgS0 4 ) and concentrated to yield a clear oil. This oil was dissolved in methylene 
chloride (10 mL), TFA(10 mL) and triethylsilane (0.5 mL) were added and the mixture was stirred for 40 minutes 
10 and concentrated. The residue was dissolved in methylene chloride (50 mL) and concentrated five times to 
yield the crude product as a white sticky solid (800 mg). Half of this crude solid (400 mg) was purified by prep- 
arative HPLC (YMC-C18 column, 2.2 X 25 cm, 5 micron, 120 angstrom; solvent A, 0.1% TFA in water; solvent 

B, 0.1% TFA in acetonitrile: 25-35% B in 40 minutes, flow rate 9 mL/minute). Fractions containing the desired 
product were combined and lyophilized to provide Compound A (230 mg, 54%), mp 129-130°C. 

15 

B. (R>N-[[1,2,3,4-Tetrahydro-2-[N-(1-triph 
nyl]-L-methionine 

Compound B was prepared in 56% yield from Compound A and Compound B of Example 2 as described 
20 for Compound G of Example 6. It was carried on without purification. 

C. (R*)-N-rci,2,3,4-Tetrahydro-2-[N-(1^ 
nine, trifluoroacetate (1:1) salt 

25 The title compound was prepared as a white solid from Compound B as described for Compound H of Ex- 
ample 6. 
MS: M+H = 488. 



Analysis calculated for C 2 4H33N 5 0 4 S-1.4 CF 3 C0 2 H : 0.21 


H 2 0: 








Calculated: 


C, 49.84; 


H.5.21; 


N, 10.84. 


Found: 


C, 49.52; 


H, 5.22; 


N, 11.10. 



Example 10 



40 



45 




(S)-N-fl1,2 t 3 t 4-Tetrahydro-2-[^ 
mine, trifluoroacetate (1:2) salt 

A. (SVN-[[1,2,3,4-Tetrahydro-2-[N-^ 
tamine, 1,1-dimethylethyl ester 

Compound A was prepared in 78% yield from Compound F of Example 6 and 4-imidazoleacetic acid hy- 
drochloride as described for Compound E of Example 1 , (M+H) + 587*. 
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B. (S)-N-[[1,2,3,4-Tetrahydro-2-[^ 
tamine, trifluoroacetate (1:2) salt 

A solution of Compound B (1 35 mg, 0.23 mmol) and TFA (5 mL) In dichloromethane (5 ml_) was stirred for 
5 four hours and concentrated. The residue was dissolved in 30 mL of (80:20:0.1) water / acetonitrile / TFA The 
mixture was centrifuged and decanted to remove insoluble materials. The solution was subjected to prepara- 
tive HPLC on an octadecylsilane column (S-10; 30 x 500) using a gradient system from 80% water: 20% acet- 
onitrile: 0.1% TFA to 55% water 45% acetonitrile: 0.1% TFA over 50 minutes at 50 mL/minute. Under these 
conditions, two materials eluted at approximately 1 8.3 and 21 .9 minutes. Fractions were analyzed by analytical 
10 reversed phase HPLC and those containing the early retention time peak with a minimum purity of 99% were 
pooled and lyophilized to afford 11 mg (10%) of the title compound from Example 11 as a white solid. Similarly, 
fractions containing the late retention time peak with a minimum purity of 99% were pooled and lyophilized to 
afford 30 mg (31%) of the title compound of Example 10 as a white solid. 
MS: M+H = 527. 



Analysis calculated for C^H^NeOe^.O CF 3 C0 2 H: 


Calculated: 
Found: 


C, 47.75; 
C, 48.10; 


H,4.81; 
H, 4.86; 


N, 11.14. 
N, 11.57. 



Example 11 



25 



30 



35 




40 



45 



(S^N-ni^^^-Tetrahydro^-tN-tlH-imidazol^-ylacetyQ-S-methyl-L-valyll-S-isoquinolinyncarbonyll-L-glu- 
tamic acid, trifluoroacetate (1:2) salt 

The title compound of Example 11 was prepared as described in Example 10. 
MS: M+H = 527. 



Analysis calculated for C26H33N5O7-I.7 CF 3 C0 2 H: 


Calculated: 
Found: 


C, 49.02; 
C, 49.25; 


H, 4.99; 
H, 4.69; 


N, 11.67. 
N, 11.24. 



50 



55 
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Example 12 



5 



10 




15 NH[(S)-2-[N-[2-amino-2-(1HH 

nyl]-L-glutamine, trifluoroactate (1:3) salt 

A. N-Methyl-N-methoxy-[2-amino-[N-[(1 , 1 -dimethylethoxy)-carbonyt]-2-(N-[(1 , 1 -dimethylethoxy)-carbonyll- 
imidazol-4-yl)]acetamide 

20 

To a solution of 2-amino-[N-[(1,1-dimethylethoxy)-carbonyl]]-2-(N-[(1 ,1-dimethylethoxy) -carbonyl]-imida- 
zol-4-yl)acetic acid (330 mg f 0.97 mmol; prepared as described in Schneider F. Z. Physiol. Chem., 3, 206-210 
(1961); Janusz, J.M., Young, P.A., Blum, R.B., Riley, CM. J. Med Chem. 33, 1676-1682 (1990)), N,0-dimethyl 
hydroxylamine hydrochloride (97 mg, 1 mmol) and bromo-tris-pyrrolidino-phosphonium hexaf luorophosphate 

25 (PyBrop) (466 mg, 1 mmol) in methylene chloride (10 mL) at 0°C was added DIEA (0.523 ml_, 3 mmol) and 
DMAP (12.2 mg, 0.1 mmol). The solution was allowed to stir at ambient temperature for 2 hours and concen- 
trated. The residue was dissolved in ethyl acetate (40 mL) and the solution was washed with 1N potassium 
bisulfate (KHS0 4 ) (3 x 30 mL) followed by water (1 x 30 mL). The organic layer was dried (magnesium sulfate), 
filtered and concentrated. The residue was chromatographed (flash, silica 7.1 x 20 cm, 1:1 ethyl acetate:hex- 

30 anes). Fractions containing the product were pooled and concentrated to afford 260 mg (70%) of Compound 
A as a white solid. 
MS: (M+H) + 385 + . 

B. N 2 -[[(S)-2-[N-[2-amino-[^ 

35 zo)-4-yl)ethyl]-3-methyl-L-valylH^ 1,1-dimethylethyl 
ester 



To a solution of Compound A (0.18 g, 0.47 mmol) in THF (20 mL) cooled to 0°C was added 1 M lithium 
aluminum hydride in THF (0.47 mL, 0.47 mmol) dropwise. The solution was stirred under argon for 0.5 hour 

40 followed by dropwise addition of 1 M potassium bisulfate to pH 4. The mixture was stirred for 1 hour at 0 C, 
ether (40 mL) and water (40 mL) were added and the layers were separated. The aqueous layer was washed 
with ether and the organic layers were pooled, dried (MgS0 4 ) and concentrated. The highly unstable residue 
was immediately dissolved in dry methanol (20 mL), along with 3A molecular sieves (0.5 g), acetic acid (0.2 
mL) and Compound F of Example 6 (300 mg, 0.58 mmol). The solution was stirred for 10 minutes followed by 

45 the portionwise addition of NaBH 3 CN (29 mg, 0.47 mmol) over 1 hour. The solution was stirred for 4 hours and 
concentrated, and the residue was chromatographed (flash, silica, 19:1 chloroform: methanol). Fractions con- 
taining the product were pooled and concentrated to afford 90 mg (25%) of Compound B as a slightly yellow 
oil. 

MS: (M+H) + 784 + . 

50 

C. NH[(S)-2-[N-[2-amino-2-(1H-imidazol^ 
bonyl]-L-glutamine, trifluoroactate (1:3) salt 

A solution of Compound B (40 mg, 0.05 mmol) in TFA (5 mL) and methylene chloride (5 mL) was stirred 
55 for 2.5 hours and concentrated. The residue was dissolved in 3 mL of a 50/50 mixture of 0.1 % TFA in methanol 
and 0.1% TFA in water, and subjected to HPLC purification (YMC C18 column (S-10, ODS 30 x 500 mm); Sol- 
vent A; 0.1% TFA in 90% water, 10% methanol, Solvent B; 0.1% TFA in 90% methanol, 10% water; 10-35% B 
in A over 60 minutes). Fractions containing the major peak were pooled and lyophilized to yield 20 mg (45%) 
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of the title compound as a fluffy white solid. 
MS: (M+H) + 528 + . 

1 H-NMR (CDCI3, 400 MHz) 8 8.40 (1H, m), 7.46 (1H, m), 7.22 (4H, m), 5.10 (1H, m), 4.8-4.3 (5H, m), 4.19 (1H, 
m), 3.3-3.0 (2H, m), 2.28 (1H, m),1.92 (2H, m), 1.80 (1H, m), 1.10 (9H, d). 

Example 13 



10 



15 



H q S 




20 (S,S)-NHI2-[[2-Amino-3-(1H-imidazol-4-ylH^^ 
nyl]-carbonyl]-L-glutamine, monolithium salt 

A. (S t S)-N 2 -[[2-[[2-Amino-^ 

valylj-I^.S^-tetrahydro-S-isoquinolinyllcarbonyll-L-glutamine, 1,1-dimethylethyl ester 



25 



30 



35 



40 



45 



50 



Compound A was prepared in 71% yield from Compound F of Example 6 and Boc-L-histidine as described 
for Compound E of Example 1. 
(M+H) + 712 + . 

B. (S3)-N 2 -n2-[[2-Amino-3-(1H-i^ 
linyl]-carbonyl>L-glutamine, monolithium salt 

A mixture of Compound A (1 00 mg, 140 mmol) and TFA (1 mL) in dichloromethane (10 mL) was stirred for 
two hours and concentrated. The residue was retreated with TFA (1 mL) in 5 mL of dichloromethane for 30 
minutes and evaporated. The residue was dissolved in 25 mL of (80:20:0.1) water / acetonitrile / TFA. The mix- 
ture was centrifuged and decanted to remove insoluble materials. The solution was subjected to preparative 
HPLC on an octadecylsllane column (S-10; 30 x 500) using a gradient system from 85% water 15% acetoni- 
trile: 0.1 % TFA to 50% water: 50% acetonitrile: 0.1 % TFA over 50 minutes at 50 mL/minute. Under these con- 
ditions, the product eluted at approximately 22 minutes. Fractions were analyzed by analytical reversed phase 
HPLC and those containing product with a minimum purity of 90% were pooled and lyophilized. The residue 
was dissolved in 25 mL of water and the pH was adjusted to 7.5 with 1N lithium hydroxide (LiOH). The solution 
was applied to a column of HP-20 (25 x 200 mm), which was prewashed with water. The column was eiuted 
with water (200 mL). The product was eluted with a gradient system from 100% water to 50% aqueous acet- 
onitrile over 2 hours at 2 mL/minute. Clean product was combined and lyophilized to afford 14.8 mg (19%) of 
the title compound as a white solid. 
MS: M+H = 556. 



Analysis calculated for CzyHseNyOeLM.O CH 3 OH : 1.33 


H 2 0: 








Calculated: 


C, 54.45; 


H, 6.96; 


N, 15.87. 


Found: 


C, 54.55; 


H, 6.78; 


N, 15.48. 
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Example 14 



5 



10 




(S)-N-[[1,2 f 3,4-tetrahydro-2-[N-[2-(1 HHmidazol-4-yl)propyl]-3-methyl-U^ 
15 tamine, monolithium salt 

A. 3-(N-Triphenylmethylimidazol-4-yl)-thiopropionic acid, ethyl ester 

To a heterogenous solution of (N-triphenylmethylimidazol-4-yl)-propionic acid (0.8 g, 2.09 mmol), ethane- 
20 thiol (0.42 mL, 5.65 mmol) and DMAP (50mg) In dlchloromethane (10 ml_) at 0°C was added EDC (0.52 g, 2.7 
mmol). The mixture was stirred at room temperature for 2 hours. The homogeneous solution was washed twice 
with 5% KHS0 4 , saturated sodium bicarbonate (NaHC0 3 ) and brine, and dried over MgS0 4 . The drying agent 
was filtered and the filtrate was evaporated to afford 0.85g (95%) of Compound A. 
MS:(M+Na) + = 449 + . 

25 

B. 3-(N-Triphenylmethylimidazol-4-yl)-propanal 

To a degassed solution of Compound A (0.8 g, 1 .88 mmol) and triethylsilane (1 .0 mL, 6.33 mmol) in acetone 
(5 mL) was added 10% palladium on carbon (100 mg). The mixture was stirred 30 minutes, additional amounts 
30 of triethylsilane (0.25 mL, 1 .58 mmol) and 10% palladium on carbon (100 mg) were added, and stirring was 
continued for 1 hour. The mixture was filtered through a pad of Celite®, the pad was rinsed with acetone and 
the combined filtrates were evaporated to afford 0.7 g (100%) of crude Compound B. 
MS: (M+Na)+ = 389. 

35 C. (S)-N-[[1,2,3,4-tetrahydro-2-[N-p^ 

nyl]-carbonyl]-L-glutamine f 1,1-dimethylethyl ester 

Compound C was prepared in 100% yield from Compound B and Compound F of Example 6 as described 
for Compound G of Example 6. It was carried on without purification. 
40 MS: (M+H) = 825. 

D. (S)-N-[[1,2,3,4-tetrahydrc-2-[N-[2-(im 
glutamine, monolithium salt 

45 The title compound was prepared from Compound C as described for Compound F of Example 2. Following 

preparative HPLC, the purified material was dissolved in 25 mL of water and the pH was adjusted to 7.5 with 
1N LiOH. The solution was applied to a column of HP-20 (25 x 200 mm), which was prewashed with water. 
The column was eluted with water (200 mL). The product was eluted with a gradient system from 100% water 
to 50% aqueous acetonitrile over 2 hours at 2 mL/minute. Clean product was combined and lyophilized to afford 

so 53.3 mg (34%) of the title compound as a white solid. 
MS: M+H = 526. 





Analysis for C 2 7H37N 6 0 5 Li - 3.43 H 2 0: 


55 


Calculated: 


C. 54.56; 


H, 7.43; 


N, 14.13. 




Found: 


C, 54.56; 


H, 7.32; 


N, 13.79. 
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Example 15 




(S)-N-[[1,2,3,4-tetrahydro-2-[N-[2-(1H-i^^ 
tamine, monolithium salt 

A. (lmidazol-4-yl)-thioacetic acid, ethyl ester 

To a heterogenous solution of 4-imidazoleacetic acid hydrochloride (0.5 g, 3.08 mmol) in dichloromethane 
(10 mL) at 0°C was added DIEA (0.50 mL, 3.08 mmol) followed by ethanethiol (0.56 mL, 7.68 mmol) and EDC 
(0.65 g, 3.40 mmol). DMF (1 mL) was added after 1 hour to increase the solubility of the acid. The mixture 
was stirred at room temperature for 18 hours and partitioned between saturated NaHC0 3 and dichlorome- 
thane. The organic phase was washed with water and brine, and dried over MgS0 4 . The drying agent was fil- 
tered and the filtrate evaporated to afford 0.52g (100%) of Compound A. 
MS: (M+H) + =171 + . 

B. (N-Triphenylmethylimidazol-4-yl)-thioacetic acid, ethyl ester 

Compound B was prepared from triphenylmethylchloride and Compound A as described for Compound A 
of Example 2. Flash chromatography on silica gel with (2:1) hexanes/ethyl acetate afforded a 54% yield of Com- 
pound B. 

MS: (M+H) + = 413 + . 

C. (N-Triphenylmethylimidazol-4-yl)-acetaldehyde 

Compound C was prepared from Compound B as described for Compound B of Example 14. 

D. (S)-N-[[1,2,3,44etrahydrc-2-[^ 
nyl]-carbonyl]-L-glutamine, 1,1-dimethylethyl ester 

Compound D was prepared from Compound C and Compound F of Example 6 as described for Compound 
G of Example 6, using dichloromethane as the extraction solvent. It was carried on without purification. 
MS:(M+H) = 811. 

E. (S)-N-[[1,2,3 t 4-tetrahydrc-2-[N-[2-(1H-imidazol-4-yl)ethyl]-3-methyl-L-valyl]-3-isoqui 
glutamine, monolithium salt 

The title compound was prepared as a white solid from Compound D as described for Compound D of 
Example 14 (21% yield from Compound C). 
MS: M+H = 513. 

Analysis for C26H35N605Li -0-5 CH3OH; 1.48 H2O: 

Calculated: C, 56.70; H, 7.17; N, 14.97. 
Found: C, 57.00; H, 6.97; N, 14.57. 
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Example 16 



5 




10 

(SH,2 t 3 t 4-Tetrahydro-2-P-fl2-(^^ 1:1 hydro 

chloride/trifluoroacetate salt 

A. ((lmidazol-4-yl)-1-oxoethyl)-L-valine, phenylmethyl ester 

15 

To a solution of valine benzyl ester • HCI (2.0 g, 8.2 mmol), imidazole-4-acetic acid • HCI (1 .46 g f 9 mmol), 
HOBT (1.22 g, 9 mmol) and NMM (3 mL, 27 mmol) in 10 mLof dry DMF at 0°C under argon was added EDC 
(1.73 g, 9 mmol). The slurry was stirred with cooling for 0.5 hour and at room temperature for 3 hours. The 
milky reaction was evaporated to dryness (30°C, high vac), and the residue was diluted with saturated NaHC0 3 
20 and extracted with ethyl acetate (three times). The combined extracts were washed with brine (twice) and dried 
(MgS0 4 ), and the solvent was removed to give 3.6 g of clear orange viscous oil. Flash chromatography (di- 
chloromethane:methanol:ammonium hydroxide (95:5:0.5)) afforded 2.0 g (78%) of compound A as a viscous 
foam. 

25 B. ((lmidazol-4-yl)-1-thioxoethyiyL-valine t phenylmethyl ester 

A suspension of compound A (0.8 g, 2.5 mmol) and Lawesson's Reagent (1 .0 g, 2.5 mmol) in 30 mL of dry 
toluene was heated at 90°Cfor 1 hour. A clear yellow solution was obtained during the heating period. Aviscous 
oil separated on cooling to room temperature. The mixture, without workup, was subjected to flash chroma- 
30 tography on a 2.5 x 30 cm column of silica gel. (The toluene solution was decanted directly onto the column, 
the precipitate was dissolved in dichloromethane and this solution was also added to the column). Elution with 
trichloromethane:methanol:ammonium hydroxide (95:5:0.5) afforded 0.75 g (90%) of compound B as a clear 
viscous oil. 

35 C. ((lmidazol-4-yl)-ethyl)-L-valine, phenylmethyl ester 

To a solution of compound B (0.75 g, 2.27 mmol) and NiCI 2 • 6 H 2 0 (1.08 g, 4.54 mmol) in 15 mL each of 
methanol and THF in an oversized flask, at -40°C and under argon, was added in portions as a solid, sodium 
borohydride (NaBH 4 ) (51 5 mg, 13.62 mmol). An immediate black precipitate, along with vigorous hydrogen evo- 

40 lution, was obtained on addition of the borohydride. Each addition of borohydride was done after reaction from 
the previous addition had essentially ceased. After the addition, stirring was continued for 2 hours, during which 
time the reaction was allowed to warm to approximately 0°C. To the dark slurry was then added sodium sulfide 
nonahydrate (Na 2 S • 9 H 2 0) (1 .09 g, 4.54 mmol). Stirring was continued for an additional 0.5 hours, after which 
the solids were removed by filtration through Celite® and the black filter cake washed well with additional me- 

45 thanol. The clear yellow filtrate was evaporated to dryness and the semi-solid residue extracted exhaustively 
with dichloromethane. The combined extracts were evaporated to dryness to give approximately 0.8 g of oil. 
Flash chromatography (2.5 x 30 cm, silica gel, 5% methanol - trichloromethane) afforded 513 mg (75%) of com- 
pound C as a clear viscous oil. 

so D. N-[(1,1-Dimethylethoxy)-carbon phe- 
nylmethyl ester 

A solution of compound C (4.0 g, 13.3 mmol) and t-butoxycarbonyl (BOC) anhydride (8.7 g, 40 mmol) in 
1 00 mL of dichloromethane, under argon, was allowed to stir at room temperature for 2 days, after which time 
55 an additional 2 g of BOC anhydride was added. Stirring was continued for an additional day. The mixture was 
reduced in volume to approx 50 mL and the remaining solution subjected to flash chromatography (5 x 30 cm, 
silica gel, 30% ethyl acetate- hexane) to afford 4.2 g (63%) of compound D as a clear viscous oil. 
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E. N-[(1,1-Dimethylethoxy)-carbonyl]-N-[imidazol-4-yl-ethyl]-L-valine 

A solution of compound D (2.0 g, 4 mmol) and barium hydroxide octahydrate (Ba(OH) 2 • 8 H 2 0) (3.15 g, 
1 0 mmol) in 1 5 mL each of water and methanol was heated at 50°C under argon for 1 hour, during which time 

5 a white precipitate formed. After cooling to room temperature, the methanol was removed under reduced pres- 
sure and to the remaining white slurry was added 960 mg (10 mmol) of ammonium carbonate ((NH 4 ) 2 C0 3 ) as 
a solid. After stirring for 0.5 hour, the solids were removed by filtration and the filter cake washed well with 
additional water. The clear colorless filtrate was washed once with ether and evaporated to dryness to give a 
white powder. This material was suspended into water and the suspension again evaporated to dryness to yield 

w 1 .1 g (88%) of compound E as a fine white powder. 

F. (S)-1 ,2,3,4-Tetrahydro-2-[[N-[(1 ,1-dimethylethoxy)-carbonyl1[2-(1 H-imidazol-4-yl)ethyl]amino]-3-methyM- 
oxobutyl]-isoquinoline 

is 1-Hydroxy-7-azo-benzotriazole (HOAT) (0.066 g, 0.48 mmol) and EDC (0.093 g, 0.48 mmol) were added 

to a solution of Compound E (0.1 0 g, 0.32 mmol) in DMF (1 .5 mL) and the mixture was stirred for 30 minutes. 
1,2,3,4-Tetrahydroisoquinoline (0.121 mL, 0.97 mmol) and DIEA(0.101 mL, 0.64 mmol) were added and the 
mixture was stirred for 16 hours. The reaction was quenched with 10% lithium chloride (LiCI) (30 mL) and satu- 
rated NaHC0 3 (10 mL), and the solution was extracted with ethyl acetate (2 X 30 ml). The combined organic 

20 extracts were washed with 10 % LiCI (2 X 30 ml), dried (MgS0 4 ), filtered and concentrated under vacuum. 
The residue was purified by flash chromatography (eluting with 19/1 chloroform / methanol) to afford Com- 
pound F (0.094 g, 67%) as a foam. MS: (M-H)~ 425. 

G. (S)-1,2,3,4-Tetrahydro-2-[2-[[2-(1^^ 1:1 hy- 
25 drochloride / trifluoroacetate salt 

TFA(2.0 mL, 26 mmol) was added to a solution of Compound F (0.090 g, 0.21 mmol) in dichloromethane 
(2.0 mL), and the reaction was stirred for 1 hour and concentrated under vacuum. The residue was dissolved 
in water (10 mL), millipore filtered and lyophilized to afford the title compound (0.012 g, 100 %) as a glassy 
30 solid. 



MS: (M+H) + 327. 





Analysis for C 19 H 26 N 4 0-1 .0 HCI-2.11 H 2 O-1.0 CF 3 C0 2 H: 


35 


Calculated: 


C, 48.99; 


H, 6.31; 


N, 10.88. 




Found: 


C, 48.99; 


H, 5.90; 


N, 10.81. 



Example 17 



45 



50 




(S)-3-[[[(2,3-Dichlorophenyl)methyl][2-[[2-(1H-imidazol-4-yl)ethyl]amino]-3-methyl-1-oxo 
benzoic acid, dihydrochloride 

A. N-[(2,3-dichlorophenyl)methyl]-N-((3-methoxycarbonyl)-phenylmethyl)-amine, hydrochloride 

Acetic acid (0.57 mL, 1 0 mmol) was added to a solution of 3-carboxybenzaldehyde (1 .0 g, 6.7 mmol) and 
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2,3-dichlorobenzylamine (1.3 mL, 10 mmol) in dichloromethane (33 mL). The mixture was stirred for 1 hour, 
sodium triacetoxyborohydride (2.1 g, 10 mmoi) was added and the solution was stirred for 16 hours and con- 
centrated under vacuum. The residue was dissolved in methanol (50 mL), the solution was cooled to 0°C, and 
anhydrous HCI was bubbled into the mixture. The solution was warmed to room temperature, heated to reflux 
5 for 6 hours and concentrated under vacuum. The residue was dissolved in 1 0% NaHC0 3 (50 mL) and the aqu- 
eous solution was extracted with ethyl acetate (3 X 100 mL). The combined organic extracts were dried 
(MgS0 4 ), filtered and concentrated under vacuum. The residue was dissolved in diethyl ether (20 mL), treated 
with 4M HCI in dioxane (5 mL), and the solid was filtered. The solid material was washed with diethyl ether (3 
X 10 mL) and dried under vacuum to afford Compound A (1.95 g, 81%) as a white solid. MS:(M+H) + 324. 

10 

B. (S)-3-[rc(2,3-Dichlorophenyl)methyW 

yl)ethyllamino]-3-methyl-1-oxobutyl]amino]methyl]benzoic acid, methyl ester 

DIEA (0.32 mL, 1 .8 mmol) was added to a solution of Compound A (0.33 g, 0.90 mmol) and Compound A 
15 of Example 30 (0.25 g, 0.45 mmol) in dichloromethane (2.3 mL). The solution was cooled to 0°C, DMAP (0.083 
g, 0.68 mmol) and PyBrop (0.32 g, 0.68 mmol) were added. The mixture was warmed to room temperature, 
stirred for 72 hours, quenched with 1 N HCI (50 mL) and extracted with ethyl acetate (3 X 50 mL). The combined 
organic extracts were washed with 10% NaHC0 3 (1 X 50 mL), dried (MgS0 4 ), filtered and concentrated under 
vacuum to afford Compound B (0.78 g, 100%) as a sticky solid. 
20 MS:(M+H) + 859. 

C. (S)-3-[[[(2,3-Dichlorophenyl)methyl][2-[N-[(1 ,1 -dimethylethoxy)-carbonyl][2-(1-tri phenylmethyl-imidazol- 
4-yl)ethyl]amino]-3-methyl-1-oxobutyl]amino]methyl]bezoic acid 

25 Sodium hydroxide (1N, 10 mL, 10 mmol) was added to a solution of Compound B (0.78 g, 0.90 mmol) in 
methanol (30 mL). The mixture was stirred for 16 hours and concentrated under vacuum, and the residue was 
dissolved in 1N HCI (50 mL). The solution was extracted with dichloromethane (3 X 50 mL) and the combined 
organic extracts were dried (MgS0 4 ), filtered and concentrated under vacuum to afford Compound C (0.76 g, 
100%) as a sticky solid. 

30 MS: (M+H) + 845. 

D. (S)-3-[[[(2,3-Dichlorophenyl)methyl][2-[[2-(1H-imidazol-4-yl)ethyl]amino]-3-methyl-1-oxobu 
thyl]benzoic acid, di hydrochloride 

35 Triethyisilane (2.2 mL, 1 3.6 mmol) followed by TFA (1 0 mL, 1 30 mmol) were added to a solution of Com- 
pound C (0.764 g, 0.904 mmol) in dichloromethane (7 mL). The mixture was stirred for 16 hours and concen- 
trated under vacuum, and the residue was triturated with hexane (3X10 mL), discarding the hexane layers. 
The residue was purified by preparative HPLC (YMC S10 ODS 30 X 500 mm, 10-90% aqeous methanol with 
0.1% TFA, 60 minute gradient, 20 mL/minute). The appropriate fractions were concentrated under vacuum. 

40 The residue was dissolved in methanol (10 mL) and 1 N HCI (2 mL) was added. The mixture was stirred 5 min- 
utes and concentrated under vacuum. This latter procedure was repeated two times and the residue was dis- 
solved in water (10 mL), millipore filtered and lyophilized to afford the title compound (0.070g, 13%). 
MS: (M+H) + 503. 

45 Example 18 



50 




N-[(2,3-Dichlorophenyl)methyll-N 2 -[2-(1H-imidazol-4-yl)ethyll-L-valinamide, hydrochloride 

A suspension of Compound E of Example 16 (15.6 mg, 0.05 mmol), triethylamine (8 u.l, 0.055 mmol), 2,3- 
dichlorobenzylamine (200 ui of 0.25 M solution in methylene chloride, 0.05 mmol), and BOP (220 nl of 0.25 M 
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solution in methylene chloride, 0.055 mmol) was stirred at 25°C for 18 hours. TFA (1 mL) was added to the 
mixture and stirring was continued for an additional 2 hours. The mixture was concentrated in vacuo, the re- 
sidue was combined with material from 4 other similar reactions, and the combined material was purified by 
preparative HPLC (YMC S-10 ODS column, 30 x 500 mm, eluting with 50 mL/minute of a linear gradient from 
s 1 0% to 90% aqueous methanol, containing 0.1 % TFA, over 30 minutes). Fractions from the third (of four) major 
peak were combined and concentrated. The residue was purified again by the same method. Fractions con- 
taining the major peak were combined and concentrated. The residue was dissolved in 50 mL of 1 N hydrochloric 
acid and reconcentrated twice. The residue was lyophilized to give the title compound as a white solid (70 mg, 
75%). 



10 MS: (M+H) + 369. 





Analysis for C 17 H22N 4 OCI 2 -1 .00 H 2 O-2.06 HCI: 




Calculated: 


C, 44.16; 


H, 5.68; 


N, 12.12; 


F, 31.13. 


15 


Found: 


C, 44.53; 


H, 5.94; 


N, 11.41; 


F, 31.24. 



Example 19 

20 




N-[(2,3-Dichlorophenyl)methyl]-NM2-(1H-imidazol-2-yl)ethyl]-L-valinamide, trifluoroacetate 

A. 2-Hydroxyethyl-N-triphenylmethyl imidazole 

To a solution of N-tri phenyl methyl imidazole (1 5.5 g, 50 mmol) at 0°C in THF was added normal butyl lithium 
(nBuLi) (34.4 mL, 55 mmol) dropwise over 30 minutes. The mixture was stirred for 1 hour followed by gentle 
warming to 30°C over 30 minutes. The solution was cooled to 0°C, and ethylene oxide (24.4 mL, 50 mmol) 
was added to the mixture via a cannula. The mixture was stirred at 0°C for 2 hours and gradually warmed to 
ambient temperature over 16 hours. The solution was concentrated and the residue was chromatographed 
(flash silica, 19:1 ; chloroform:methanol) to yield 14.5g (82%) of compound Aas a white solid. MS (M+Na) + 377+. 

B. N 2 -[(Trifluoromethanesulfonyl)]-N 2 -[2-(1-triphenylmethyl-imidazol-2-yl)ethyl]-L-val^ benzyl ester 

To a solution of compound A (880 mg, 2.5 mmol), N-trifluoromethanesulfonyl-L-valine, benzyl ester (842 
mg, 2.5 mmol) and triphenylphosphine (655 mg, 2.5 mmol) under nitrogen was added diisopropylazodicarbox- 
ylate(0.49 mL, 2.5 mmol) dissolved in THF (2 mL) dropwise. The solution was stirred for 16 hours and concen- 
trated, and the residue was chromatographed (flash silica, 1:1; ethyl acetate: hexanes) to yield 1.4g (83%) of 
compound B as a white crystalline solid. (M+H) + 676 + . 

C. NM(Trifluoromethanesulfonyl)]-N 2 -P-(1-triphenylmethyl-imidazol-2-yl)ethyl]-L-valine 

A solution of compound B (3 g, 4.4 mmol) dissolved in methanol (30 mL) and THF (40 mL) was hydrogen- 
ated on palladium on carbon (10%, 0.3 g) at atmospheric pressure. After 2.5 hours, the solution was filtered 
through Celite® and the filtrate concentrated to give 2.6 g (100 %) of Compound C as a white crystalline solid. 
(M+H) + 586 + . 

D. [lmidazol-2-yl)ethyl]-L-valine 

To a solution of Compound C (2.5g, 4.3 mmol) and t-butanol (25 mL) in THF (25 mL) at -70°C was added 
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freshly distilled ammonia (150 mL). Freshly cut sodium chunks were added until a blue color persisted for 40 
minutes. Ammonium chloride was added until the blue color dissipated. The solution was concentrated to dry- 
ness and the residue was dissolved in 15 mL of water and applied to a cation exchange column in the following 
manner: 10 equivalents of resin was washed with 0.1 N HCI (100 mL) followed by water (100 mL); the sample 
5 was loaded and the column was washed with water (200 mL); the column was washed with 300 mL of 1 M am- 
monium hydroxide (NH 4 OH) and fractions were collected. The appropriate fractions were pooled and nitrogen 
was bubbled through to remove dissolved ammonia. The solution was concentrated to give 833 mg (85%) of 
Compound D as an off-white powder. (M+H) + 21 T. 

10 E. N-IfoS-DichlorophenyOmethyll-N 2 -!?-^ H-imidazol-2-yl)ethyl}-L-valinamide, trif luoroacetate 

A solution of compound D (100 mg, 0.44 mmol) 2,3-dichlorobenzyiamine (77 mg, 0.44 mmol), BOP (190 
mg, 0.44 mmol) and DIEA (0.77 mL, 0.44 mmol) in DMF (3 mL) and DMSO (0.1 mL) was stirred for 3 hours 
under nitrogen. The mixture was concentrated and the residue was dissolved in a 50/50 mixture of 0.1%TFA 
15 in methanol and 0.1%TFA in water. This was applied to a YMC C18 column (S-10, ODS 30 x 500 mm) and 
HPLC purification was performed under the following conditions; Solvent A; 0.1%TFAin 90% water, 10% me- 
thanol, Solvent B; 0.1 %TFA in 90% methanol, 1 0% water; 1 0-35% B in A over 60 minutes. Fractions containing 
the product were pooled and lyophilized to afford the title compound as a white solid. 
MSs (M+H) + 369. 



Analysis for C^H^lsUOCIrO^S 


H 2 Q-2.19 CF 3 C0 2 H: 




Calculated: 


C, 40.34; 


H, 4.14; 


N, 8.80; 


F, 19.61. 


Found: 


C, 40.34; 


H, 3.85; 


N, 8.55; 


F, 19.59. 



Example 20 



30 



35 




[S-(^R»)H,2,3 t 4-Tetrahydro-2-^ 

thoxy)methyl]propyl]-3-isoquinoline-carboxamide, trif luoroacetate 

A. [S-[2-[(1,1-dimethylethoxy)-carbonyl]amino]-4-methylsulfonyi-Q-phenylmethyl]-butan-1-ol 

46 A mixture of [S-[2-[(1,1-dimethylethoxy)carbonyl]amino]-4-methylsulfonyl]-butan-1-ol (212 mg, 0.79 

mmol), sodium hydride (40 mg of 60% dispersion in oil, 1.0 mmol) and benzyl bromide (0.12 mL, 1.0 mmol) in 
DMF (2 mL) was stirred at 25°C for 18 hours. The mixture was diluted with methylene chloride, washed with 
saturated aqueous sodium bicarbonate solution, dried over MgS0 4 and concentrated. The residue was purified 
by flash chromatography on silica gel (60 g), eluting with 2:1 hexanes : ethyl acetate, to give Compound A (165 

50 mg, 58%). 

B. [S-[2-amino]-4-methylsulfonyl-Q-phenylmethyl]-butan-1-ol, trif luoroacetate 

A mixture of Compound A (165 mg, 0.46 mmol), methylene chloride (1 mL) and TFA (2 mL) was stirred for 
55 6 hours and concentrated in vacuo to give compound B (125 mg, 90%). 
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C. [S-(R*,R*)1-1,2 t 3 t 4-Tetrahydro-2-[N-L-valyl]-3-isoquinoline-carboxylic acid, phenylmethyl ester, hydro- 
chloride 

Compound C was prepared from tetrahydroisoquinolin-3-carboxylic acid, phenylmethyl ester and Boc-L- 
5 valine in a 2 step procedure as described for Compounds C and D of Example 1. 

D. [S-(R^R*)]-1,2,3,4-Tetrahydro-2-[N-(1 H-imidazol-4-yl acetyl)- L-valyl]-3-isoquinoline-carboxylic acid, phe- 
nylmethyl ester 

10 To a suspension of the sodium salt of imidazole acetic acid (2.26 g, 12.3 mmol) in DMF (1 5 mL) at 0° under 
nitorgen was added BOP (5.42 g, 12.3 mmol). After stirring for 30 minutes, Compound C (4.12, 10.2 mmol) 
was added followed by NMM (1.12 mL, 10.2 mmol). After 5 hours, the mixture was concentrated in vacuo. The 
residue was dissolved in ethyl acetate (150 mL) and the solution was washed with 10% sodium bicarbonate 
(2 x 70 mL) and 10% LiCI (70 mL). The aqueous LiCI layer was extracted with ethyl acetate (3 x 100 mL). The 

15 organic layers were combined, dried over sodium sulfate, filtered and concentrated in vacuo to give Compound 
D (5.32 g) which was 71 % pure by HPLC. This material was combined with material from similar reactions (6.30 
g total) and purified by silica gel chromatography (dichloromethane:methanol, 98:2 to 88:12) to give Compound 
D (3.83 g, 59% yield). 

20 E. [S-(R*,R*)]-1,2,3,4-Tetrahydro-2-[N-(1 H-imidazol-4-ylacetyl)-L-valyl]-3-isoquinoline-carboxylic acid, so- 
dium salt 

To a solution of Compound D (4.1 9 g, 8.84 mmol) in methanol (50 mL) was added 1 0% palladium on carbon 
(1.2 g). The suspension was stirred under a hydrogen atmosphere for 2 hours, filtered through Celite® and 
25 the filter cake was washed with methanol (10 mL). The filtrate was concentrated in vacuo, the residue was 
dissolved in methanol (20 mL), and 1N sodium hydroxide (9.46 ml, 9.46 mmol) was added. The methanol was 
removed in vacuo and the aqueous slurry was purified by reverse phase column chromatography on CHP20P 
(wateracetonitrile gradient, 100:0 to 0:100) to give Compound E (2.48 g, 69%). 
MS:(M+H) + 385. 

30 

F. [S-^R*)]-1,2,3,4-Tetrahydro^^ 

thoxy)methyl]propyl]-3-isoquinoline-carboxamide, t rif I uoro acetate 

A mixture of Compound E (122 mg, 0.30 mmol), Compound B (80 mg, 0.27 mmol), BOP (155 mg, 0.35 
35 mmol), triethylamine (50 ul, 0.35 mmol), methylene chloride (0.5 mL) and DMF (0.5 mL) was stirred at 25°C 
for 18 hours. The mixture was diluted with ethyl acetate, washed with saturated aqueous sodium bicarbonate 
solution and brine, dried over MgS0 4 , and concentrated. The residue was purified by preparative HPLC (YMC 
S5 ODS column, 30 x 250 mm, eluting with a gradient from 10% to 90% aqueous methanol, containing 0.1% 
TFA, over 30 minutes). Fractions containing the major product were combined and concentrated. The residue 
40 was lyophilized to give the title compound as a white solid (53 mg, 24%). 
MS: M+H = 624. 

Analysis calculated for C^Hn N e 0 6 S-1 .5 CF 3 C0 2 H : 2.5 H 2 0: 
Calculated : C, 50.06; H, 5.70; N, 8.34; S, 3.82; F, 10.18. 
Found : C, 49.92; H, 5.33; N, 8.01; S, 3.75; F, 9.92. 

45 

Example 21 



50 




55 N-[(2,3-Dichlorophenyl)methyl]-N2-[2-(2-methyl-1H-imidazol-4-yl)ethyl]-L-valinamide, d Hydrochloride 
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A. 2-Methyl-4-chloromethylimidazole, hydrochloride 

To 15mLof thionyl chloride was added, In portions, 3.0 g (27 mmol) of 2-methyl-4-hydroxymethylimidazole 
(prepared according to the method of Durant et al. t J. Med . Chem ., 19, 923 (1976)). A vigorous reaction was 
5 obtained on addition. The resulting black solution was heated at 75°C for 0.5 hours and evaporated to dryness, 
and the residue was evaporated once from THF to remove residual thionyl chloride. The resulting brown solid 
was recrystallized from ethanol-ether. Standing under refrigeration afforded 3.3 g (19.7 mmoles, 73 %) of Com- 
pound A as brown crystals. 

10 B. 2-Methyl-4-cyanomethylimidazole 

To an ice cooled solution of 11 g of potassium cyanide (KCN) in 20 mLof water was added, dropwise over 
0.5 hours a solution of 3.3 g (19.7 mmol) of Compound A in 60 mL of ethanol. A voluminous precipitate was 
obtained on addition. Stirring was continued for an additional 0.5 hours with cooling. The solids were filtered 
is and the filter cake washed well with ethanol. To the filtrate was added 20 mL of saturated NaHC0 3 , and the 
solution was evaporated to dryness to give a dark solid residue. This material was extracted twice with hot 
ethyl acetate. The combined extracts were dried (MgS0 4 ) and the solvent removed to yield 1 .9 g of dark solid. 
This material was triturated with methylene chloride and the insolubles filtered to afford 1 .2 g (50 %) of Com- 
pound B as a light tan powder. 

20 

C. (2-Methyl-imidazol-4-yl)acetic acid 

A suspension of 1 .2 g (9.9 mmol) of Compound B and 6.3 g (20 mmol) of Ba(OH) 2 • 8H 2 0 in 25 mL of water 
was heated at reflux, under argon, for 3 hours. The precipitate which formed on cooling was removed by f il- 
25 tration and discarded. To the filtrate was added 1.9 g (20 mmol) of (NH 4 ) 2 C0 3 and the resulting white slurry 
stirred an additional 1 hour. The solids were removed by filtration and the filter cake washed well with water. 
The filtrate was evaporated to dryness, and the residue evaporated twice more from water, to afford 1 .3 g (9.3 
mmoles, 93 %) of Compound D as an oil which crystallized on standing. 

30 D. N 2 -[2-(2-methyl-1H-imidazol-4-yl)-1-oxoethyl]-L-valine benzyl ester 

Compound D was prepared from Compound C and valine benzyl ester • HCI as described for Compound 
A of Example 4. Flash chromatography (silica gel, 5% methanol - chloroform) afforded Compound D as a vis- 
cous foam. 

35 

E. N2-[2-(2-methyt-1H-imidazol-4-yl)-1-thioxoethyl]-L-valine benzyl ester 

Compound E was prepared as a viscous yellow oil from Compound D as described for Compound B of 
Example 16. 

40 

F. N^P^-methyMH-imidazol^-yQethyll-L-valine benzyl ester 

Compound F was prepared as a pale yellow oil from Compound E as described for Compound C of Ex- 
ample 16. 

45 

G. NH2-(2-methy1-1 H-imidazol-4-yl)ethyl]-L- valine 

Compound G was prepared as a pale yellow solid from Compound F as described for Compound E of Ex- 
ample 16. 

50 

H. N-[(2,3-Dichloropheny1)methyl]-N 2 -[2-(2-methyl-1H-imidazol-4-yl)ethy1l-L-valinamide, dihydrochloride 

To a suspension of 1 00 mg (0.44 mmmol) of Compound G in 1 .5 mL of DMF under argon was added 194 
mg (0.44 mmol) of BOP, 77 mg (0.44 mmol) of 2,3-dichlorobenzylamine and 87 u.L (0.5 mmol) of DIEA. The 
55 suspension was allowed to stir overnight and the resulting pale yellow solution was evaporated to dryness. 
The residue was diluted with ethyl acetate and washed with saturated NaHC0 3 and brine, dried (MgS0 4 ), and 
the solvent removed to give a clear yellow oil residue which was subjected to flash chromatography on a 44 
cc column of silica gel. Elution with trichloromethane: methanol :ammonium hydroxide (95:5:0.5) afforded 122 
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mg of the free base of Example 21 as a white foam. This material was subjected to prep. HPLC on a YMC S- 
10 120A ODS column using a gradient elution of 40-100 % B (A: 10 % methanol- water + 0.1 % TFA, B: 10 % 
water-methanol + 0.1 % TFA) to afford an oily residue which was taken into 1 N HCI and again evaporated to 
dryness. The residue was evaporated from water twice more to yield a white solid. This material was triturated 
5 with ether and the solid filtered to afford 87 mg (0.19 mmole, 43 %) of the title compound as a white powder, 
mp 239-241° C. 
MS: (M+H) + 383. 



[a] D -3.0° (c 0.87, methanol). 



10 


Analysis for C 18 H 2 6N 4 OCl4-0.50 H 2 0: 




Calculated: 


C, 46.57; 


H, 5.65; 


N, 12.07. 




Found: 


C, 46.39; 


H, 5.48; 


N, 11.82. 



15 

Example 22 



20 




N-[(2,3-Dichlorophenyl)methyi]-N 2 -[2-(5-methyl-1H-imidazol-4-yl)ethyl]-L-valinamide, di hydrochloride 

A. 5-Methyl-4-hydroxymethylimidazole 

To a suspension of lithium aluminum hydride (5.4 g, 142 mmol) in THF (200 ml_) at 0°C was added ethyl 
30 4-methylimidazole-5-carboxylate (15.4 g, 100 mmol) in portions as a slurry in THF (100 mL). The solution was 
stirred 24 hours at room temperature, concentrated HCI was added and the organic solvent was evaporated. 
Absolute ethanol was added, and the mixture was heated to boiling and filtered hot through Celite®. The filtrate 
was evaporated to afford 23 g of Compound 1 (»100%) as a brown semisolid. 
13C (CD 3 0D) 9.27, 53.94, 127.92, 130.10, 133.67 ppm. 

35 

B. 5-Methyl-4-chloromethylimidazole 

To 1 mL of thionyl chloride was added 0.35 g (2.35 mmol) of Compound A. The resulting solution was heated 
at 65°C for 1 hour, stirred at room temperature for 3 days, evaporated to dryness and the residue washed twice 
40 with ether to afford 0.37 g (94 %) of Compound B as a white solid. 

C. 5-Methyl-4-cyanomethylimidazole 

Compound C was prepared as a tan solid from Compound B as described for Compound B of Example 

45 21. 

D. (5-Methyl-imidazol-4-yl)acetic acid, ethyl ester 

A solution of Compound C (2.58 g, 21.3 mmol) in 2 N NaOH (40 mL) was heated at reflux for 3.5 hours. 
The solution was acidified with concentrated HCI and filtered of a small amount of insoluble material. The fil- 
trate was evaporated, the residue was dissolved in water and the solution was evaporated. The residue was 
extracted twice with boiling absolute ethanol and the combined extracts were evaporated to afford a mixture 
of the free acid and the ethyl ester of the product. The residue was dissolved in absolute ethanol (50 mL), con- 
55 cent rated HCI was added (2 mL) and the solution was stirred 16 hours and evaporated. The residue was sus- 
pended in 5% aqueous sodium hydrogen carbonate and the mixture was extracted 3 times with 10% isopro- 
panol/methylene chloride. The combined organic extracts were dried (magnesium sulfate), filtered and evapo- 
rated to afford 1.82 g (48%) of Compound D as a tan oil which crystallized on standing. 
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1*C (CDCI 3 ) 10.28, 14.17, 32.14, 60.93, 133.33, 171.43 ppm. 

E. (5-Methyl-imidazol-4-yl)acetic acid 

Compound E was prepared as a crystalline solid from Compound D as described for Compound C of Ex- 
ample 21. 

F. N^P-CS-methyl-IH-imidazol^-yQ-l-oxoethyll-L-valine benzyl ester 

Compound F was prepared from Compound E and valine benzyl ester • HCI as described for Compound 
A of Example 4. Flash chromatography (silica gel, 5% methanol - chloroform) afforded Compound D as a vis- 
cous foam. 

G. N^P-tS-methyl'lH-imidazoM-yQ-l-thioxoethytl-L-valine benzyl ester 

Compound G was prepared as a viscous oil from Compound F as described for Compound B of Example 

16. 

H. N 2 -[2-(5-methyl-1H-imidazol-4-yl)ethyl}-L-valine, benzyl ester 

Compound H was prepared as a pale yellow solid from Compound G as described for Compound G of Ex- 
ample 16. 

I. N^p-tS-methyl-l H-imidazol-4-yl)ethyt]-L-valine 

Compound I was prepared as a white solid from Compound H as described for Compound E of Example 

16. 

J. N-^^-DichlorophenyOmethyn-N^P-tS-methyl-IH-imidazol^-yQethyll-L-valinamide, di hydrochloride 

The title compound was prepared as a white lyophilate from Compound I as described for Compound H 
of Example 21. 
MS: (M+H) + 383. 
[a] D -3.2° (c 0.85, methanol). 



Analysis for C 18 H2eN 4 OCl4-2.19 H 2 0: 


Calculated: 
Found: 


C. 43.62; 
C, 43.73; 


H,6.18; 
H, 5.88; 


N, 11.30. 
N, 11.19. 



Example 23 




(3S)-1,2,3,4-Tetrahydrc-2-[N-[2-(1H-imid^ 
linecarboxamide, trifluoroacetate (1:2) 
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A. [(lmidazol-4-yl)ethyl]-D,L-valine, ethyl ester 

To a solution of histamine dihydrochloride (5.96 g, 32.4 mmol) and ethyl 2-oxo-3-methylbutyrate (5.14 g, 
35.6 mmol) in 160 mL of dry methanol was added 8 g of 3A molecular sieves. The mixture was stirred for 15 

5 minutes. To this was added 800 mg of 10% palladium on carbon, and the resulting mixture was stirred under 
hydrogen atmosphere (balloon) for 24 hours and filtered, and the solids were washed with 50 mL of 1:1 me- 
thanol-water. The filtrate was concentrated in vacuo. The residue was chased several times with toluene/me- 
thanol to give 9.43 g (93%) of white solid. The free amine was obtained as follows. A suspension of 5 g of the 
dihydrochloride salt in 250 mLof 10% isopropanoi/dichloromethane was washed with 100 mLof saturated aqu- 

10 eous NaHC0 3 . The aqueous layer was extracted with 1 00 mL of 1 0% isopropanoi/dichloromethane. The aqu- 
eous layer was then saturated with sodium chloride and re-extracted with 10% isopropanoi/dichloromethane 
(2 x 100 mL). The combined organic extracts were dried over sodium sulfate, filtered, and concentrated in va- 
cuo to afford 3.43 g (85% overall) of Compound A as a white solid. 

15 B. [(N-Triphenylmethyl-imidazol-4-yl)ethyl]-D,L-valine, ethyl ester 

Compound B was prepared from Compound A as described for Compound A of Example 6, using aceto- 
nitrile as solvent and using 25-100% ethyl acetate/hexanes for chromatography. 
(M+H) + 482. 

20 

C. NH(2,2,2-Trichloroethoxycarbon^ ethyl ester 

To a solution of Compound B (1.88 g, 3.90 mmol) in 20 mL of THF at 0°C was added 20 mL of saturated 
aqueous NaHC0 3 . 2,2,2-Trichloroethyl chlorofbrmate (0.96 g, 81 % by wt., 4.29 mmol) in 4 mL of THF was add- 
25 ed dropwise over 5 minutes with stirring. The resulting mixture was stirred at 0°C for 30 minutes, warmed to 
room temperature and concentrated in vacuo to remove the THF. The aqueous mixture was extracted with 
ethyl acetate, and the organic layer was washed with 25 mL each of saturated aqueous NaHC0 3 and brine. 
The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The residue (2.1 5 g) was 
chromatographed (eluting with 20-40% ethyl acetate hexane) to provide 1.52 g (62%) of Compound C. 

30 

D. NHff^^-TrichloroethoxycarbonyP 

To a solution of Compound C (1.00 g, 1.60 mmol) in 10 mL of ethanol was added 5 mL of 1M lithium hy- 
droxide. The cloudy mixture was heated at 50°C for 12 hours. An additional 1 .6 mL of 1 M LiOH was added to 
35 the reaction mixture and the mixture was heated at 50°C for 6 hours, cooled to room temperature and treated 
with 6.6 mL of 1 M HCI. The mixture was concentrated in vacuo to remove the ethanol. The aqueous mixture 
was extracted with dichloromethane (3 x 50 mL). The combined organic layers were dried over sodium sulfate, 
filtered, and concentrated in vacuo to afford 911 mg (95%) of Compound D. 

40 E. flSH^.S^-Tetrahydrc^-IN 2 - [(2,2,2-trichloroethoxycarbonyl)}-N 2 -[2-(1-triphenyimethyl-imidazol-4-yl)et- 
hyl]-D,L-valyl]-3-isoquinolinecarboxylic acid, methyl ester 

To a mixture of Compound C (660 mg, 1.10 mmol), methyl L-1,2,3,4-tetrahydroisoquinoline-3-carboxylate 
(421 mg, 2.20 mmol), and HOBT (297 mg, 2.20 mmol) in 5 mLof dichloromethane were added 0.2 mLof DIEA 
45 and EDC (317 mg, 1.65 mmol). The mixture was stirred for 24 hours, additional EDC (211 mg, 1.10 mmol) and 
1 mL of DMF were added, and the mixture was stirred for 48 hours. The mixture was diluted with ethyl acetate 
(100 mL) and washed with 50 mLeach of water, pH 4 phosphate buffer, saturated aqueous NaHC0 3 and brine. 
The organic layer was dried over sodium sulfate, filtered, and concentrated in vacuo. The residue (855 mg) 
was chromatographed (20-60% ethyl acetate-hexane) to provide 428 mg (50%) of Compound E. (M+H) + 771 . 

50 

F. (3S)-1 t 2,3,4-Tetrahydr(>2-[NM(2 > 2,2-trichloroethoxycarbonyl)]-N^[2-(1-triphe 
hyl]-D,L-valyl]-3-isoquinolinecarboxylic acid 

Compound F was prepared from Compound E as described for Compound D of Example 23, with the re- 
55 action run at 0°C and workup with dilute HCI. 
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G. (3S)-1 t 2 t 3,4-Tetrahydro-2-[N2- ^.a^-trichloroethoxycarbonylM-N^-p-tl-triphenylmethyl-imidazol-^yljeN 
hyl>D t L-valyt]-N-[3-(methylsulfonyl)propyl]-3-isoquinolinecart>oxamide 

To a solution of Compound F (168 mg, 0.222 mmol) in 2 mL of 3:1 acetonitrile-DMF were added methyl 
5 3-aminopropylsulfone (58 mg, 0.33 mmol), BOP reagent (1 50 mg, 0.33 mmol) and 0.1 2 mL of Dl EA. The mixture 
was stirred for 18 hours, concentrated in vacuo, diluted with ethyl acetate (50 mL) and washed with 25 mL 
each of 1 0% citric acid, saturated aqueous NaHC0 3 and brine. The organic layer was dried over sodium sulfate, 
filtered and concentrated in vacuo. The residue (236 mg) was chromatographed (50-100% ethyl acetate-hex- 
ane, then 5% methanol-ethyl acetate) to provide 186 mg (96%) of Compound G. (M+H) + 876. 

10 

H. (3S)-1,2,3,4-Tetrahydrc-2-[^ 
nolinecarboxamide, trifluoroacetate (1:2) 

To a solution of Compound G (1 70 mg, 0.1 94 mmol) in 1 .5 mL of dichloromethane were added triethylsilane 
15 (0.19 mL, 1.2 mmol) and 1.5 mL of TFA The mixture was stirred for 5 hours and concentrated in vacuo. The 
residue was triturated with hexane (2x2 mL) and diethyl ether (2x2 mL). The remaining oil (160 mg) was 
purified by preparative HPLC (YMC S-10 ODS 30 x 500 mm, 20 mL/minute, 20-100% aqueous methanol with 
0.1 % TFA, 60 minutes) and the concentrated fractions were freeze-dried to provide 11 3 mg (83%) of the title 
compound as a white solid. 
20 MS:(M+H) + 490 

Example 24 



25 



30 




s 

SCfclfe 

35 

(3S)-N-[[1,2,3,4-Tetrahydrc~2-[N-^ 
sulfonyl)methyl]-L-alanine, methyl ester, trifluoroacetate (1:2) 

40 A. (SSJ-N-ni^^-Tetrahydro^-tN^ 

ethyl]-D,L-valy1]-S-isoquinoHnyl]carbonyl]-3-[(methylsuifonyl)methyl]-L-alanine, methyl ester 

Compound Awas prepared from Compound F of Example 23 and L-methionine methyl ester hydrochloride 
as described for Compound G of Example 23. (M+H) + 934. 

45 

B. (3S)-N-K1,2,3,4-Tetrahydro-2-[N^ 

thylsulfonyl)methyl]-L-alanine, methyl ester, trifluoroacetate (1:2) 

The title compound was prepared as a white solid from Compound A as described for Compound H of Ex- 
50 ample 23. 

MS: (M+H) + 548 



55 
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Example 25 



5 



10 




S02M* 

(3S)-N-[[1,2,3,4-Tetrahydro-2-[N-[2-(^^ 
sulfonyl)methyl]-L-alanine, trifluoroacetate (1:2) 

A. (3S)-N-[[1,2,3,4~Tetrahydrp-2-[N^^^ 

20 ethyl]-D,L-valyl]-3-isoquinolinyl]carbonyl]-3-[(methylsulfonyl) methyl]- L-alanine 

To a solution of Compound Aof Example 24 (100 mg, 0.107 mmol) in 1.0 mLof methanol was added 0.30 
ml_ of 1 M LiOH. The mixture was stirred for 1 2 hours, treated with 0.3 ml_ of 1 M HCI and concentrated in vacuo. 
The mixture was diluted with 25 mLof dichloromethane and washed with 1 :1 1M HCI-brine. The aqueous layer 
25 was extracted with 100 ml_ of dichloromethane. The combined organic layer was dried over sodium sulfate, 
filtered and concentrated in vacuo to afford 95 mg (97%) of Compound A (M+H) + 920. 

B. (3S)-N-[[1,2,3,4-Tetrahydro-2^ 
thylsulfonyl)methyl]-L-alanine, trifluoroacetate (1:2) 

30 

To a solution of Compound A (95 mg, 0.1 03 mmol) in 1 .0 mL of dichloromethane were added triethylsilane 
(0.10 mL) and 1.0 mLof TFA. The mixture was stirred at room temperature for 3.5 hours and concentrated in 
vacuo. The residue was triturated with 1 mL of hexane. The remaining oil was purified by preparative HPLC 
(YMC S-10 ODS 30 x 500 mm, 20 mL/minute, 20-100% aqueous methanol with 0.1% TFA) and the concen- 
35 trated fractions were f reeze-dried to provide 47 mg (59%) of the title compound as a white solid. 
MS: (M+H) + 534 

Example 26 



40 



45 




50 

N-[(S)-2-g2-n2-(1H-imidazol-4-y^ 
nyl)methyl]-L-alanine, trifluoroacetate 

A. NH(2,2,2-Trichloroethoxycarb^^ 

To a solution of Compound C of Example 23 (507 mg, 0.81 mmol) in toluene (5 mL) at -78°C was added 
a solution of diisobutylaluminum hydride (2.7 mL of 1 .5 M in toluene, 4.05 mmol) at such a rate that the reaction 
temperature was maintained below -65°C. The mixture was stirred at -78°C for 4 hours, quenched with me- 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



thanol (2 mL) below -65°C, warmed to room temperature, and aqueous NaHC0 3 solution (2 mL) was added. 
The mixture was filtered through a Celite® pad and the pad was washed with ethyl acetate (20 mL). The filtrate 
was washed with brine, dried (sodium sulfate) and concentrated. The residue was purified by flash column 
chromatography on silica eluting with hexanes : ethyl acetate (1 : 1) to afford Compound A (268 mg, 57%) as 
a gel. MS (M+H) + 582. 

B. N-[(S)-2-[N-[(2,2,2-Trichloroetho 
tyl]amino]-3-phenylpropanoic acid, methyl ester 

A mixture of Compound A (260 mg, 0.45 mmol) and phenylalanine methyl ester HCI salt (116 mg, 0.54 
mmol) in methanol (2.5 mL) and acetic acid (0.2 mL) was stirred for 15 minutes. To this solution was added 
sodium cyanoborohydride (30 mg, 0.48 mmol) in portions over 10 minutes. After stirring for 1 hour, the mixture 
was concentrated and partitioned between ethyl acetate (20 mL) and aqueous NaHC0 3 solution (20 mL). The 
organic layer was washed with brine, dried (Na 2 S0 4 ) and concentrated. The residue was purified by flash col- 
umn chromatography (silica, hexanes : ethyl acetate 1 : 1) to yield Compound B (230 mg, 69%) as a foam. MS 
(M+H) + 745. 

C. N-[(S)-2-[N-[(2,2,2-[Trich^ 
butyl]amino]-3-phenylpropanoic acid 

Amixture of Compound B (230 mg, 0.31 mmol) in methanol (2 mL) and aqueous lithium hydroxide solution 
(0.62 mL of 1 N, 0.62 mmol) was stirred for 24 hours. Most of the solvent was removed and the residue was 
triturated with hexanes twice. The residue was cooled to 0°C and acidified with aqueous HCI solution (0.62 
mL of 1 N). The resulting mixture was partitioned between ethyl acetate (20 mL) and brine (20 mL). The organic 
layer was dried (Na 2 S0 4 ) and concentrated to afford Compound C (230 mg, 100%) as afoam. MS (M+H) + 731 . 

D. N-[(S)-2-[[2-[N-[(2,2,2-Tri^ 

thylbutyl]amino>1-oxo-3-phenylpropyl}-3-[(methylsulfonyl)methyl]-L-alanine, methyl ester 

To a mixture of Compound C (230 mg, 0.31 mmol), methionine sulfone methyl ester HCI salt (86 mg, 0.37 
mmol) and HOBT (47.4 mg, 0.31 mmol) in DMF (1 mL) was added NMM (55 mg, 0.55 mmol), followed by EDC 
(71 .3 mg, 0.372 mmol) at 0°C. The mixture was stirred overnight at room temperature and partitioned between 
ethyl acetate (20 mL) and water (1 0 mL). The organic layer was washed with brine, dried over MgS0 4 and con- 
centrated. The residue was purified by flash column chromatography on silica eluting with ethyl acetate to af- 
ford Compound D (181 mg, 64%) as a foam. MS (M+H) + 908. 

E. N-[(S)-2-[[2-[N-(2,2,2-Trichloroet 

butyl]amino]-1-oxo-3-phenylpropyl]-3-[(methylsulfonyl)methyl]-L-alanine 

Compound E was prepared as a foam from Compound D as described for Compound A of Example 25. 
MS (M+H) + 894. 

F. N-[(S)-2-[[2-[[2-(1H-imidazol-4-yl)ethyl]amino1-3-methylbutyl]amino]-1-oxo-3- 
fonyl)methyl]-L-alanine, trifluoroacetate 

The title compound was prepared as a solid from Compound E as described for Compound B of Example 

25. 

M.P. 55-60 °C (softened). 
MS (M+H) + 301. 



55 



Analysis for C^HayNgOgS-I.O H 2 0-3.4 CF 3 C0 2 H: 



Calculated: 
Found: 



C, 40.50; 


H, 4.68; 


N, 7.67; 


C, 40.50; 


H, 4.76; 


N, 7.64; 



F, 21.22. 
F, 21.31. 
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Example 27 



5 




H 



10 

N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1H>imidazol-4-yl)ethy)]amino]ace^ 

A. [2-(lmidazol-4-yl)ethyl]aminoacetic acid, methyl ester 

15 To a stirred solution of histamine dihydrochloride (2.0 g, 10.8 mmol) and glyoxylic acid (1.10 g, 11 .9 mmol) 
in methanol (40 mL), 5 g of 3A molecular sieves were added. After stirring for 15 minutes, 10% palladium on 
carbon (0.2 g) was added and the slurry was stirred under hydrogen atmosphere (balloon) for 16 hours. The 
mixture was filtered through a pad of Celite® and the pad was washed with methanol several times. HCI gas 
was bubbled through the filtrate and the solution was stirred overnight. The solution was concentrated, the 

20 residue was suspended in 10% isopropanol/dichloromethane and the solution was washed with NaHC0 3 (35 
mL). The aqueous layer was reextracted with 1 0% isopropanol/dichloromethane (2 x 35 mL) and the combined 
extracts were dried over MgS0 4l filtered and concentrated to afford Compound A (0.43 g, 24 %). 

B. [2-(N"Triphenylmethyl-imidazol-4-yl)ethyl]aminoacetic acid, methyl ester 

25 

A solution of Compound A (0.55 g, 2.1 mmol) and chlorotriphenylmethane (0.60 g, 2.1 mmol) was stirred 
in acetonitrile 14 hours. The mixture was concentrated, the residue was diluted with methylene chloride (75 
mL) and the solution was washed with NaHC0 3 (25 mL), brine (25 mL), dried over MgS0 4 , filtered and con- 
centrated. Purification on silica gel eluting with a step gradient of 25 % ethyl acetate/hexane, ethyl acetate, 
30 and 1% methanol/trichloromethane afforded Compound B. 

C. N-[[(1 ,1-Dimethylethoxy)-carbonyl]-[2-(N-triphenylmethylHmidazol-4-yl)ethyl]]aminoacetic acid, methyl 
ester 

35 A solution of Compound B (0.5 g, 1 .2 mmol), DMAP (0.05 g), Boc-anhydride (0.33 g, 1 .52 mmol) and trie- 
thylamine (0.13 g, 0.17 mL, 1.29 mmol) was stirred in dichloromethane (6 mL) under argon for 14 hours and 
partitioned between chloroform (30 mL) and brine (10 mL). The aqueous layer was extracted (2 x 30 mL) and 
the combined organic extracts were washed with 10 % KHS0 4 (2 x 10 mL) and brine (2x10 mL), dried over 
MgS04, filtered and concentrated to afford Compound C (0.578 g, 94%). 

40 

D. N-[I(1 t 1-Dimethylethoxy)-caiftony^ acid 

1N NaOH (0.28 mL, 0.28 mmol) was added to a solution of Compound C (0.10 g, 0.19 mmol) in methanol 
(1mL). After 15 hours, the reaction was diluted with ethyl acetate (20 mL) and neutralized with 10 % HCI (10 
45 mL), the layers were separated and the aqueous layer was extracted with ethyl acetate (2 x 20 mL). The com- 
bined organic layers were washed with brine (1 x 20 mL), dried over MgS0 4 , filtered and concentrated to afford 
Compound D as a glassy solid (0.80 g, 83 %). 

E. N-[(2,3-Dichlorophenyl)methyl]-N 2 -[[(1,1-dimethylethoxy)-carbonyl]-[2-(N-triphenyl methyl- imidazol-4-y I) 
so ethyl]]aminoacetamide 

A solution of Compound D (0.080 g, 0.156 mmol), HOBT (0.026 g, 0.17 mmol) 3,4 dichlorobenzylamine 
(0.027 g, 0.15 mmol), EDC (0.032 g, 0.17 mmol) and DIEA (0.022 g, 0.030 mL, 0.17 mmol) was stirred in 
THF/DMF (4 mL/1.5 mL) under argon for 13 hours. The mixture was partitioned between 10% HCI (10 mL) and 
55 ethyl acetate (20 mL), the aqueous layer was extracted with ethyl acetate (2 x 20 mL) and the combined organic 
layers were washed with water (20 mL), NaHC0 3 (2 x 20mL mL), brine (2 x 20 mL) dried over MgS0 4 , filtered and 
concentrated. The product was purified on silica gel, eluting with a step gradient of trichloromethane and trichloro- 
methane / methanol (95/5) to afford Compound E (0.078 g, 75%). 
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F. N-[(2,3-Dichlorophenyl)methyl]-2-[I2-(1H^^ 

A solution of triethylsilane (0.035 mL, 0.22 mmol), TFA(0.5 mL) and Compound E (0.075 g, 0.11 mmol) 
were stirred in dichloromethane (2 mL) under argon for 1 6 hours and concentrated. The residue was triturated 
5 with hexanes/ethyl acetate and lyophilized to afford the title compound (43.1 mg, 69 %) ; 
MS (M+H) + = 327*. ( M-H)" = 325". 

Example 28 



10 




N-[(2 t 3-Dichlorophenyl)methyl]-N 2 -[2-(1-methyl-1H-imidazol-5-yl)ethyl]-D t L-valinamide > di hydrochloride 

A. [(1-Methyi-imidazol-5-yl)ethyll-D t L'Valine t ethyl ester 

20 

Compound A was prepared from 3-methyl histamine dihydrochloride and ethyl 2-oxo-3-methylbutyrate as 
described for Compound A of Example 23. 

B. [(1-Methyl-imidazoU5-yl)ethyl]-D t L-valine 

25 

Compound B was prepared from Compound A as described for Compound E of Example 16, using water 
as the reaction solvent. 

C. N-[(2,3-Dichlorophenyl)methyl]-NH^ dihydrochloride 

30 

Compound C was prepared as a white solid from Compound B as described for Compound E of Example 
19, with the coupling reaction stirred for 24 hours. 
MS (M+H) + = 383 + . 

1H NMR (CD 3 OD) 6 1.06 (d, J=6.8, 3H), 1.12 (d, J=7.3, 3H), 2.25-2.35 (m, 1H), 3.15-3.45 (m, 4H), 3.89 (s, 3H), 
35 3.91 (d, J=5.1, 1H), 4.5-4.7 (m, 2H), 7.29 (m, 1H), 7.40-7.55 (m, 3H), 8.90 (s, 1H), 9.0 (m, 1H). 

Example 29 



40 




N-[(2,3-Dichlorophenyl)methyl]-N 2 -[2-(1"methyl-1H-imidazol-4-yl)ethyl]-D,L-valinamide, trifluoroacetate 

The title compound was prepared from 1 -methyl histamine dihydrochloride using the three step procedure 
described in the preparation of Example 28. 
50 MS (M+H) + = 383*. 

1 H NMR (CD3OD) 8 1 .02 (d, J=6.8, 3H), 1 .08 (d, J=7.3, 3H), 2.20-2.30 (m, 1 H), 3.1-3.4 (m, ~4H), 3.78 (d, J=5.1 , 
1H), 3.90 (s, 3H), 4.59 (ABq, J=15.0, A5=0.05, 2H), 7.29 (m, 1H), 7.40 (m, 2H), 7.50 (d, J=7.7, 1H), 8.81 (s, 
1H). 

55 
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Example 30 



5 




N-Ethyl-N 2 -[2-(1HHmidazol-4-yi^^ 

A, N-[(1,1-Dimethylethoxy)-carbonyl]-N-[1-tri^ 

15 

Aslurry of 1 0 g (32.2 mmol) of Compound E of Example 1 6 in 1 50 mL of dry methylene chloride was treated 
with 4.4 mL (40. 1 mmol) of NMM, and the slurry cooled In an ice bath under a blanket of argon. A 1 M solution 
of trimethylsilyl chloride in methylene chloride (40ml_) was added over 15 minutes, and the ice bath was re- 
moved. After stirring for another 2.5 hours, a second portion of NMM was added (3.85 mL, 35 mmol) followed 

20 by 9.75 g (35 mmol) of triphenylmethyl chloride. The mixture was stirred overnight at room temperature, treated 
with 150 mL of methanol and stirred an additional 3 hours. Evaporation in vacuo gave a solid. This was slurried 
in 500 mL of methylene chloride and poured on to a pad of 600 mL of dry K-60 silica. The pad was washed 
with 6 X 500 mLof methylene chloride, then with 4 X 100 mL of 5% methanol in methylene chloride. The first 
5% wash contained material which was pure by TLC (Rf = 0.29, 5% methanol in methylene chloride). Evapor- 

25 ation in vacuo gave 1 0.8 g of Compound A as a light yellow foam. Less pure material was also obtained, which 
was chromatographed again under identical conditions to afford a sticky foam. This material was covered with 
200 mL of heptane and 15 mL of diethyl ether. Standing overnight at room temperature gave a solid which was 
pulverized, filtered, washed with heptane and dried in vacuo to give an additional 4.5 g of Compound A as a 
powder (86% total). 

30 

B. N-Ethyl-N 2 -[2-(1H-imidazol-4-yl)ethyl]-N-[(4-methoxyphenyl)methyl]-L-valinamide 

A mixture of Compound A (29 mg, 0.05 mmol), a solution of N-ethyl-p-methoxybenzylamine in methylene 
chloride (200 uL of 0.25 M solution, 0.05 mmol), a solution of HOAt in DMF (200 uL of 0.3 M solution, 0.06 

35 mmol), and a solution of diisopropyicarbodiimide in methylene chloride (200 jllL of 0.3 M solution, 0.06 mmol) 
was allowed to stand in a sealed vessel for 2 days. TFA (1 mL) and triethylsilane (0.1 mL) were added and the 
mixture was allowed to stand for an additional 2 hours. The mixture was concentrated in vacuo and the residue 
was dissolved in 1:1 methylene chloride : methanol (3 mL). The solution was applied to a solid phase extraction 
cartridge containing 1 g of SCX resin (Varian). The cartridge was washed sequentially with the following: 10 

40 mLof 1:1 methylene chloride : methanol, 10 mL of methanol, 10 mLof 0.01 N ammonia in methanol, and 10 
mL of 0.1 N ammonia in methanol. The above washes were discarded. The cartridge was then eluted with 10 
mL of 1.0 N ammonia in methanol. The eluant was collected and concentrated in vacuo to give the title com- 
pound as a colorless oil (20 mg, 100%). 
MS: (M+H) + 359. 

45 

Example 31 



50 




55 

N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1HHmidazol-4-yl) ethy1]amino]-3-methylpentanamide, di hydrochloride 



56 
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A. [2-[(1 H-imidazol-4-yl)ethyl]amino]-3-methylpentanoic acid 

To a stirred solution of histamine dihydrochloride (2.0 g, 1 0.8 mmol) and 4-methyl-2 oxopentanoic acid so- 
dium salt (1.81 g t 11 .9 mmol) in methanol (40 mL), 5 g of 3A molecular sieves were added . After stirring for 
5 30 minutes, 10% palladium on carbon (0.2 g) was added and the slurry was stirred under hydrogen atmosphere 
(balloon) for 14 hours. The mixture was filtered through a pad of Celite®, the pad was washed with methanol 
several times and the combined filtrates were concentrated to afford Compound A as a solid (3.52 g, >1 00%). 

B. N-[(2,3-Dichlorophenyl)methyl]-2^ 
10 ide 

The title compound was prepared from Compound Aand 2,3-dichlorobenzylamine as described for Com- 
pound E of Example 27. Purification by preparative HPLC (YMC, S -10, CDS, 30 x 500 mm, gradient from 1 0- 
90 % aqueous methanol containing 0.1 % TFA) afforded the title compound (0.11 g, 13%). 
15 MS: M+H = 383. 



Analysis calculated for C 18 H24N 4 OCI r 2.2 HCI : 1.0 H 2 0: 


Calculated: 
Found: 


C, 44.90; 
C, 44.64; 


H, 5.90; 
H, 5.78; 


N, 11.63. 
N, 11.42. 



Example 32 



30 




N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1H-imidazol-4-y1)ethyl]amino]-4-phenylbutanamide, trifuoroacetate 

A. [[2-(1H-imidazol-4-yl)ethyl1amino]-4-phenylbutanoic acid ethyl ester 

Compound A was prepared from ethyl 2-oxo-4-phenylbutyrate as described for Compound A of Example 

31/ 

B. g2-(1H-imidazol-4-yl)ethyl]amino]-4-phenylbutanoic acid 

NaOH (8.28 mL, 8.28 mmol) was added to a solution of Compound A (1.0 g, 3.48 mmol) in methanol (15 
mL). After stirring for 15 hours, the reaction was diluted with ethyl acetate (20 mL) and neutralized with 1N 
HCI (8.3 mL), the layers were separated, and the aqueous layer was extracted with 10 % isopropyl alcohol in 
dichloromethane (3 x 30 mL). The combined organic layers were concentrated to afford Compound B as a white 
solid (1.04 g, 115 %). MS : M+H+ = 274. 

C. N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1H-imidazol-4-yi)ethyl]aminoH-prienylbutanamide, trifuoroacetate 

The title compound was prepared from Compound B as described for Compound B of Example 31. 
MS: M+H =431. 
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Analysis calculated for C22H24N4OCI2-2.2 CF 3 C0 2 H : 1.0 


H 2 0: 








Calculated: 


C, 45.24; 


H, 4.05; 


N, 7.99. 


Found: 


C, 45.25; 


H, 3.74; 


N, 7.95. 



Example 33 



15 




N-[(2,3-Pichlorophenyl)methyl]-NH2-[1-fc^ dihydrochlor- 
Ide 

25 A. NHd J I PjmeJ^ 
mide 



DIEA (0.674 ml, 3.87 mmol) was added to a solution of Compound E of Example 16 (1.0 g, 3.23 mmol,), 
2,3-dichlorobenzylamlne (0.625 g, 3.87 mmol) and BOP (1.71 g, 3.87 mmol) in 1:1 dichloromethane/DMF (20 
30 mL). The mixture was stirred for 16 hours, quenched with 1 0% NaHC0 3 (20 ml_) and extracted with ethyl acet- 
ate (3 X 70 mL). The combined organic extracts were washed with 1 0% LiCI (2 X 50 mL), dried (MgS0 4 ), filtered 
and concentrated under vacuum. The residue was purified by flash chromatography (eluting 19/1 chloro- 
form / methanol) to afford Compound A (1 .45 g, 96%). 
MS: (M+H) + 469. 

35 

B. NH(1J-Dimethylethoxy)-carbonyl>^ 
chlorophenylmethyl)-L-valinamide 

Triethylamine (0.486 mL, 3.49 mmol) was added to a solution of Compound A (0.47 g, 1 .0 mmol) and Boc 
40 anhydride (0.39 g, 1.79 mmol) in dichloromethane (30 mL). The mixture was stirred 19 hours and quenched 
with water (50 ml). The organic layer was separated and the aqueous layer extracted with dichloromethane (2 
X 50 mL). The organic layer was dried (MgS0 4 ), filtered and concentrated under vacuum to afford Compound 
B (0.466 g, 82%). 
MS:(M+H) + 569. 

45 

C. N-[(2,3-Dichlorophenyl)methyl]-N^ 
chloride 

Benzyl alcohol (0.014 mL, 0.135 mmol) was added to a-78°C solution of triflic anhydride (0.023 mL, 0.135 
so mmol) and DIEA (0.024 mL, 0.135 mmol) in dichloromethane (1 mL). The mixture was stirred for 30 minutes 
at -78°C. A solution of Compound B (0.070 g, 0.123 mmol) was added and the mixture was stirred an additional 
4 hours at -78°C and 4 hours at room temperature. The mixture was diluted with dichloromethane (1 mL) and 
TFA (1 mL) was added. After stirring at room temperature for 3 hours the solution was concentrated under va- 
cuum, purified by preparative HPLC (YMC S10 ODS 30 X 500 mm, 10-90% aqeous methanol with 0.1% TFA, 
55 60 minute gradient, 20 mL/minute) and the appropriate fractions were concentrated under vacuum. The residue 
was dissolved in methanol (2 mL) and 1N HCI (2 mL) was added. The mixture was stirred 5 minutes and con- 
centrated under vacuum. This latter procedure was repeated two times and the residue was dissolved in water 
(2 ml), millipore filtered and lyophilized to afford the title compound (0.037 g, 53%), mp: 140-1 50°C. 
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MS: (M+H) + 459. 





Analysis for C^H^OCIrl.O H 2 O-2.0 HCI: 


5 


Calculated: 


C, 52.59; 


H, 5.84; 


N, 10.22. 




Found: 


C, 52.59; 


H, 6.01; 


N, 9.83. 



10 Example 34 



15 



20 




N-[(2,3-Dichlorophenyl)methyl]-NH2-[1-(3-me%^ amide, dihydrochl or- 

ide 

A. N 2 -[(1,1-DimethylethoxyVcarbonyl]-N 2 -[2-(1-(3-methylbutyl)-1H-imidazol-5-yl^ 
nylmethyl)-L-valinamide 

Isoamylalcohol (0.019 mL, 0.176 mmol) was added to a -78°C solution of triflic anhydride (0.030 mL, 0.176 
mmol) and DIEA (0.031 mL, 0.176 mmol) in dichloromethane (0.25 mL). The mixture was stirred for 15 minutes 
at -78°C. A solution of Compound B of Example 33 (0.10 g, 0.176 mmol) in dichloromethane (0.25 mL) was 
added and the mixture was stirred an additional 4 hours at -78°C and 16 hours at room temperature. The re- 
action was quenched with pH buffer 7.0 (2 mL) and extracted with dichloromethane (3 X 30 mL). The combined 
organic extracts were dried (MgS0 4 ), filtered and concentrated under vacuum. The residue was purified by 
flash chromatography (1 9/1 chloroform / methanol) and the appropriate fractions concentrated under vacuum 
to afford Compound A (0.054 g, 57%), MS: (M+H) + 539. 



B. N-[(2,3>Dichlorophenyl)methyl]-NM2-[1-(3-methylbutyl)-1 H-imidazol-5-yl]ethyl]-L- valine amide, dihydro- 
chloride 

Anhydrous HCI (4 M in dioxane, 2 mL, 8.0 mmol) was added to Compound A (0.05 g, .093 mmol) and the 
mixture was stirred for 2 hours and concentrated under vacuum. The residue was purified by preparative HPLC 
(YMC S10 ODS 30 X 500 mm, 10-90% aqueous methanol with 0.1% TFA, 60 minute gradient, 20 mL/minute) 
and the appropriate fractions were concentrated under vacuum. The residue was dissolved in methanol (10 
mL) and 1N HCI (2 mL) was added. The mixture was stirred 5 minutes and concentrated under vacuum. This 
latter procedure was repeated two times and the residue was dissolved in water (10 mL), millipore filtered and 
lyophilized to afford the title compound (39 mg, 82%), mp: 110-120°C. 
MS: M+H = 439. 



Analysis for calculated for Cz^^OC!^ HCI : 1 .83 H 2 0: 


Calculated: 
Found: 


C, 48.46; 
C, 48.46; 


H, 6.96; 
H, 6.74; 


N, 10.27. 
N, 10.03. 
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Example 35 




N 2 -[2- (1 H-lmidazol-4-yl)ethyl]-N,N-bis(phenylmethyl)-D,L-valinamide, trif luoroacetate 

A. [(lmidazol-4-yl)ethyl]-D,L-valine 

Compound A was prepared from Compound A of Example 23 as described for Compound E of Example 

16. 

B. N 2 -[2-(1 H-lmidazol-4-yl)ethyi]-N,N-bis(phenylmethyl)-D,L-valinamide, trifluoroacetate 

The title compound was prepared as a white lyophilate from Compound A as described for Compound H 
of Example 21 , except that it was isolated as a trif luoroacetic acid salt directly after preparative HPLC. 
MS: (M+H) + 391 + . 

Example 36 




N-[(2>Dichlorophenyl)methyl1-NH2-[1-(2-phenylethyl)-1H-imidazol-5-yl]ethyl]-L-valinamide, dihydrochlor- 
ide 

The title compound was prepared from Compound B of Example 33 and 2-phenylethanol using the 2 step 
procedure reported for Example 34, mp: 83-93°C. 
MS: (M+H) + 473. 



Analysis for C25H30N4OCI2-1 51 H 2 O-2.0 HCI: 


Calculated: 
Found: 


C, 52.35; 
C, 52.38; 


H, 6.15; 
H, 6.22; 


N, 9.77. 
N, 9.74. 
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Example 37 



5 




N-[(2>Dichlorophenyl)methyl]-NH2-(^ di hydrochloride 

The title compound was prepared from Compound B of Example 33 and 1-dodecanol using the 2 step pro- 
cedure reported for Example 34, 
15 mp: 123-133°C. 
MS: (M+H) + 537. 





Analysis for C^H^OCIrl.S H 2 O-2.0 HCI: 


20 


Calculated: 


C, 54.95; 


H, 8.04; 


N, 8.84. 




Found: 


C, 54.83; 


H, 7.89; 


N, 8.96. 



Example 38 



Me 



30 




N-[(2>Dichlorophenyl)methyl]-2-[[2-(1H-imidazol-1-yt)ethyl]amino]-4-methylpentanamide, dihydrochloride 

A. N-[2-(lmidazoM-yl)ethyl>phthalimide 

To a solution of imidazole (680 mg, 10 mmol) and bromoethyl phthalimide (2.54 g, 10 mmol) in dry THF 
40 (15 mL) under argon was added sodium hydride (0.4 g, 10 mmol, 60% in oil). After stirring the mixture for 14 
hours at room temperature, water (1 5 mL) and ethyl acetate (10 mL) were added and the two layers were sepa- 
rated. The organic layer was extracted with 1N HCI (2 x 15 mL). The acidic layer was carefully treated with 
solid NaHC0 3 (until pH 9) and extracted with chloroform (20 mL) and 10% i-propanol in chloroform (20 mL). 
The organic layers were combined, dried (MgS0 4 ) and concentrated in vacuo to afford Compound Aas a white 
45 solid (230 mg, 11% yield). 
MS (M+H) + = 242 + . 

B. [2-(lmidazol-1 -yl)ethyl]-amine, dihydrochloride 

M To a solution of Compound A (600 mg, 2.49 mmol) in methanol (1 5 mL) was added hydrazine hydrate. The 

mixture was stirred for 9 hours, the white precipitate was filtered through Celite® and the filtrate was concen- 
trated. The residue was dissolved in chloroform (10 mL) and filtered, and the filtrate was extracted with 1N 
HCI (1 0 mL). The aqueous layer was concentrated to afford Compound B as a yellow solid (390 mg, 84% yield) 
which was used without further purification. 
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C. 2"[[2-(1H-imidazol-1-yl)ethyl]amino]>4-methylpentanoic acid 

Compound C was prepared from Compound B and the sodium salt of 4-methyl-2-oxopentanoic acid as 
described for Compound A of Example 31. Trituration with dichloromethane afforded Compound C as a white 
5 solid. 

MS (M+H) + = 226*. 

D. N-[(2,3-Dichlorophenyl)methyl]-2-[[2-(1 H-imidazol-1-yl)ethyl]amino]-4-methyl pentanamide, dihydrochlor- 
ide 

10 

To a suspension of Compound C (225 mg, 0.9 mmol) in DMF (3 mL) were added sequentially dimethyl- 
sulfoxide (DMSO) (0.5 mL), DIEA(350 u.L, 2 mmol), 2,3-dichlorobenzylamine (176 mg, 1 mmol), HOAT (136 
mg, 1 mmol) and EDC (191 mg, 1 mmol). The mixture was stirred under argon for 14 hours and concentrated. 
The residue was dissolved in 0.1% TFA in methanol and purified by preparative HPLC eluting with a linear 
15 gradient of 10% -90% aqueous methanol containing 0.1% TFA. Appropriate fractions were collected and con- 
centrated. 10 mL of 1N HCI was added to the residue and the solution was lyophilized. 
MS (M+H) + = 383 + . 

1H NMR : (CD 3 OD, 400 MHz) d 9.10 (1H, s), 7.80 (1H, s), 7.65 (1H, s), 7.50 (1H, s), 7.42 (1H, s), 7.31 (1H, s), 
4.80-4.50 (5H, m) t 4.0 (1H, s), 3.80-3.50 (2H, m), 1.90-1.50 (3H, m), 0.98 (6H, d, J= 20 Hz). 

20 

Example 39 



25 




N 2 -[2-(1H-lmidazol-5-yl)ethyl]-N-(1-methylethyl)-N-(phenylmethyl)-L-valinamide, d {hydrochloride 

To a solution of Compound D of Example 27 (100 mg, 0.1 8 mmol) in 360 ul of dry dichloromethane at 0°C 
35 were added N-isopropyl-N-benzylamine (60 *iL, 0.36 mmol), DIEA (62 uL, 0.36 mmol), and PyBrop (127 mg, 
0.27 mmol). The mixture was stirred at room temperature for 20 hours. Triethylsilane (50 uL) and TFA(1 mL) 
were added, the mixture was stirred at room temperature for 3 hours, and concentrated in vacuo. The residue 
was purified by preparative HPLC (YMC S-10 ODS 30 x 500 mm, 28 mL/minute, 20-90% aqueous methanol 
with 0.1% TFA over 60 minutes) and the concentrated fractions were freeze-dried. The hygroscopic lyophilate 
40 was chased with 1M HCI (1 x 2 mL, 1 x 0.5 mL) and the residue was dissolved in water and freeze-dried. The 
resulting yellow glass was triturated with ether, dissolved in water, and then freeze-dried to provide 26 mg 
(35%) of the title compound as a white solid. 
MS: M+H = 343. 

1H NMR (CD3OD) 5 1.05-1.35 (m, 12H), 2.20-2.40 (m, 1H), 3.1-3.4 (m, 2H), 3.55-3.70 (m, 2H), 4.03 (d, J=3.5, 
45 1 H) 4.20-4.30 (m, 1 H), 4.61 (ABq, J=15.8, A8=0.22, 2H), 7.15-7.50 (m, 6H), 8.90 (s, -0.3H, rotamer), 8.92 (s, 
-0.7H, rotamer). 

Example 40 
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N-[(2,3-Dichloropheny))methyl]-NH2-(1^ dihydrochlor- 
ide 

A. N-[(2 t 3-dichlorophenyl)methyi]-N-(1-methylethyl)-amine 

5 

To a solution of isopropylamine (590 mg, 10 mmol) in 10 mL of 5% acetic acid-methanol were added 2,3- 
dichlorobenzaldehyde (350 mg, 2.0 mmol) and 0.5 g of 3A molecular sieves. The mixture was stirred for 15 
minutes, treated with sodium cyanoborohydride (140 mg, 2.0 mmol) and stirred for 12 hours. The mixture was 
filtered and the filtrate was concentrated in vacuo. The residue was dissolved in 20 mL of 1 M HCI and extracted 
10 with diethyl ether (2x10 mL). The aqueous layer was made basic by adding 20 mL of 3M NaOH. This aqueous 
mixture was extracted with dichloromethane (2 x 20 mL). The dichloromethane extracts were dried over sodium 
sulfate, filtered and concentrated in vacuo to provide 346 mg (80%) of Compound A. 

B. N-[(2>Dichlorophenyl)methylhNM2-(1H-imidazol-5-yl)ethyl}-N-(1-methylethy1)-L-valinamide, dihydro- 
15 chloride 

The title compound was prepared as a white solid from Compound A as described for Example 39. 
MS: M+H = 411. 

iH NMR (CD 3 OD) 8 1.10-1.40 (m, 12H), 2.30-2.50 (m, 1H), 3.2-3.5 (m t ~2H) 3.99 (d, J=3.5, 1H), 4.20-4.40 
20 (m, 1H), 4.65-4.75 (m, 2H), 4.7 (ABq, J=17, A5=0.2, 2H), 7.0-7.6 (m, 4H), 8.90 (s, 1H). 

Example 41 



25 



30 




N-IfoS-PichlorophenyQmethyri-N 2 - [2-(1H-imidazol-5-yl)ethyll-N-(phenylmethyi)-L-valinamide, dihydrochlor- 
ide 

40 A. N-[(2,3-dichlorophenyl)methyl]-N-(phenylmethyl)-amine 

To a solution of benzylamine (240 mg, 2.2 mmol) in 1 0 mL of dry dichloromethane were added acetic acid 
(0.14 mL, 2.0 mmol), 2,3-dichlorobenzaldehyde (350 mg, 2.0 mmol) and sodium triacetoxyborohydride (640 
mg, 3.0 mmol). The mixture was stirred for 4 hours, diluted with 50 mL of dichloromethane and washed with 
45 50 mL of saturated aqueous NaHC0 3 . The organic layer was dried over sodium sulfate, filtered and concen- 
trated in vacuo. The residue (750 mg) was chromatographed (eluting with 50% ethyl acetatehexane) to provide 
344 mg (65%) of Compound A. 

B. N-[(2,3-Dichlorophenyl)methyl]-NM2-(1H-imidazol-5-yl)ethy^^N-(phenylmethyl)-L-valinamide, dihydro- 
50 chloride 

The title compound was prepared as a white solid from Compound A as described for Example 39. 
MS: M+H = 459. 

'H NMR (CD3OD) 5 1.10 (m, 3H), 1.17 (d, J=6.5, 3H), 2.25-2.45 (m, 1H), 3.1-3.4 (m, ~2H), 4.45-4.65 (m, 2H), 
55 4.66 (ABq, J=15.9, A5=0.35, 2H), 5.0 (ABq, J=14.6, A5=0.46, 2H) 7.15-7.55 (m, 9H), 8.91 (s, 1H). 



63 



EP0 675112A1 



Example 42 




(S)-3-[[[2-[[2-(1H-lmidazol-4-yl)efr^^ 
acid, dihydrochloride 

The title compound was prepared from 3-carboxybenzaldehyde, benzylamine and Compound A of Exam- 
ple 30 using the 4 step procedure described for Example 17. 
MS: (M+H) + 435. 

Example 43 



H 




N-Ethyl-N 2 -[2-(1H-imidazol-4-yl)ethyl]-N-(phenylmethyl)-D,L-valinamide, trifluoroacetate 

The title compound was prepared as a white lyophilate from Compound A of Example 35 and N-ethyl-N- 
benzylamine as described for Compound B of Example 35. 
MS: (M+H) + 329*. 

1 H NMR (270 MHz, DMSO-d 8 , As a mixture of rotamers): 8 1.10 (6H, m, 1.23 (3H, m), 2.25 (1H, m), 3.15 (2H, 
m), 3.33 (1H, m), 3.60 (1H, m), 3.80 (1H, m), 4.50 (2H, m), 5.05 (1H, m), 7.3-7.6 6H, m), 9.04 (1H, s). 

Example 44 




N-[(2,3-Dichlorophenyl)methyl]-N 2 -[3-(1H-imidazol-2-yl)propyl]-L-valinamide > dihydrochloride 

A. 3-[lmidazol-2-yl]-propenoic acid, ethyl ester 

To a cooled (0°C) solution of sodium hydride (1.86 g, 45.8 mmol, 60% dispersion in mineral oil, prewashed 
with THF and dried over nitrogen) in 1,2-dimethoxyethane (DME, 20 mL) was added triethylphosphonoacetate 
(12 g, 54.1 mmol) dissolved in DME (10 mL) dropwise over 15 minutes. The solution was stirred for 1 hour at 
room temperature followed by the addition of 2-imidazole acetaldehyde (4 g, 41.6 mmol) in 20 mL of DME. 
The solution was stirred and heated to reflux (85°C) for 15 minutes followed by cooling to 60°C for 1 hour. On 
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cooling, the solution was concentrated to 1/2 volume and filtered. The solid was recrystaliized from methanol/ethyl 
acetate/hexanes to give 5.1 g (74%) of Compound A as a white crystalline solid. MS (M+H) + 167 + . 

B. 3-[lmidazol-2-yll-propanoic acid, ethyl ester 

5 

A solution of Compound A (4.01 g, 24.2 mmol) in absolute ethanol (100 mL, heated to dissolve) was hy- 
drogenated using palladium on carbon (0.5 g) at room temperature for 16 hours. Following removal of hydrogen 
under vacuum, the catalyst was removed by filtration through a bed of Celite®. The filtrate was concentrated 
under vacuum to give 4.0 g (100%) of Compound B as a white crystalline solid. MS (M+H) + 169*. 

10 

C. 3-[N-Triphenylmethy1-imidazol-2-yl]propanoic acid, ethyl ester 

Compound B was prepared from Compound Aas described for Compound A of Example 6, using methylene 
chloride as solvent and triethylamine as base. After aqueous workup, recrystallization from ethyl acetate/hex- 
15 anes afforded Compound B as a white microcrystalline solid. MS (M+H) + 41 1 + . 

D. 3-[N-TriphenylmethyMmidazol-2-yl]-propan-1-ol 

A solution of Compound C (0.80g, 1.95 mmol) in THF (15 mL) was cooled to 0°C under argon and a 1M 
20 solution of lithium aluminum hydride (2 mL, 2 mmol) was added dropwise with stirring. The reaction was stirred 
at ambient temperature for 1 6 hours. Water (2 mL) was added slowly and the solution was concentrated. Water 
(40 mL) and ethyl ether (60 mL) were added and the layers were separated. The ether layer was dried (MgS0 4 ) 
and concentrated. The residue was chromatographed (flash silica, 10:1 methylene chloride:methanol). Frac- 
tions containing product were pooled and concentrated to give 680 mg (95%) of Compound D as a white crys- 
25 talline solid. MS (M+H) + . 

E. 3-[N-Triphenylmethyl-imidazol-2-yl}-propanal 

A solution of oxalyl chloride (0.3 mL, 0.6 mmol) in 2 mL methylene chloride was cooled to -63°C under ar- 
30 gon. DMSO (0.056 mL, 0.8 mmol) in methylene chloride (0.5 mL) was added over 1 0 minutes followed by ad- 
dition of Compound D (147 mg, 0.4 mmol) in methylene chloride (6 mL) over 15 minutes keeping the reaction 
temperature below -50°C. The resulting clear solution was stirred for 50 minutes at -63°C. A solution of trie- 
thylamine (0.25 mL, 1.8 mmol) in methylene chloride (1 mL) was added over 15 minutes keeping the solution 
below -50°C. The mixture was stirred for 15 minutes followed by addition of 1M potassium hydrogen sulfate 
35 (4.5 mL), water (20 mL) and ethyl ether (60 mL). The layers were separated and the aqueous layer was made 
basic using half saturated aqueous sodium bicarbonate and washed with ethyl acetate (3 x 30 mL). The com- 
bined organic layers were dried (MgS0 4 ) and concentrated to yield 146 mg (>99%) of Compound E as a yel- 
lowish gum. 1 H-NMR; (CDCI 3 , 270 MHz) 8 9.53 (1H, s), 7.33-7.12 (15H , m), 6.94(1H, s), 6.76(1H, s), 2.37(2H, 
m), 2.22 (2H, m). 

40 

F. N-[(2,3-Dichlorophenyl)methyl]-N^[3-((1-triphenylmethyl)-imidazol-2-yl)propyl]-L-valinamide, dihydro- 
chloride 

Compound F was prepared from Compound E and L-valine, 2, 3-d ichlorobenzyl amide, hydrochloride (pre- 
45 pared from Boc-Val-OH and 2,3-dichlorobenzylamide as described for Compounds A and B of Example 4) as 
described for Compound C of Example 26 with the addition of 3A molecular sieves during the reaction. Chro- 
matography on silica gel with methylene chloride:methanol/9:1 afforded Compound F as a clear glass. MS 
(M+H) + 625 + . 

50 G. N-[(2 t 3-Dichlorophenyl)methyl]-NH3-(1H-imidazol-2-yl)propyl]-L-valinamide, dihydrochloride 

The title compound was prepared from Compound F as described for Compound D of Example 17. 
MS (M+H) + 383 + . 
[<x] D -18.8° (c=0.13, methanol). 
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Analysis for C 18 H24N 4 OCI 2 -2.21 H 2 0-2 HCI: 




Calculated: 


C, 43.58; 


H.6.18; 


N f 11.29. 


5 


Found: 


C, 43.59; 


H, 5.88; 


N, 11.52. 



Example 45 



10 



15 




20 

N 2 -[2-(1H-imidazol-5-yl)ethyl]-N,N-bis(phenylmethyl)-L-valinarnide y di hydrochloride 

A. N 2 -[(1,1-Dimethylethoxy)-carbony^ 

25 A solution of 1.11 g (2.0 mmol) of Compound A of Example 30 and 333 mg (2.45 mmol) of HOAT in 15 mL 

• of DMF was treated with 411 mg (2.09 mmol) of dibenzylamine followed by 322 mg (2.56 mmol) of diisopro- 
pylcarbodiimide. After 30 hours, the mixture was diluted with 200 mL of ethyl acetate and washed with 2 x 100 
mL of 5% sodium dihydrogen phosphate, 2 x 1 00 mL of 5% sodium bicarbonate and 2 x 1 00 mL of brine. Drying 
(sodium sulfate) and evaporation gave 2 g of a foam which was chromatographed on 300 mL of K-60 silica gel 

30 in heptane/ ethyl acetate, 1/1. Fractions pure by TLC were combined and evaporated to 1.1 g (75%) of Com- 
pound A. 

B. N 2 -[2-(1 H-imidazol-5-yl)ethyl]-N,N-bis(phenylmethyl)-L-valinamide, di hydrochloride 

35 Compound A (1.1 g, 1.5 mmol) was dissolved in 25 mLof cold methylene chloride and treated with 25 mL 

of TFA at 0°C. After warming to room temperature over 1 hour, the methylene chloride was removed in vacuo 
and the TFA solution allowed to stand at room temperature for 3 hours. The TFA was removed in vacuo and 
the residue treated with 1 0 mL of 1 N HCI. The resulting slurry was evaporated to near dryness, 20 mL of water 
was added and the slurry filtered. The filtrate was extracted with ethyl acetate (2 x 50 mL) and the aqueous 

40 layer was evaporated to dryness in vacuo. Water (50 mL) was added and evaporated 4 times. Finally the re- 
sidue was taken up in 50 mL of water and lyophilized to give a dense granular material. This was taken up in 
1 50 mL of water and the lyophilization repeated to give 471 mg (80%) of the title compound as a less dense 
but still granular material. 
MS (M+H) + 391 + . 



45 


Analysis for C 24 H3oN 4 0-0.4 H 2 0-2 HCI: 




Calculated: 


C, 60.40; 


H, 6.97; 


N, 11.74; 


CI, 16.19. 




Found: 


C, 60.40; 


H, 7.18; 


N, 11.86; 


CI, 16.25. 



50 
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Example 46 



5 




10 

N-[(2,3-Dichlorophenyl)methyl]-2-[[3-(1H-imida^^ di hydrochloride 

The title compound was prepared as a foamy white solid in a 2 step sequence from 1-(3-aminopropy1)- 
imidazole, 4-methyl-2 oxopentanoic acid, sodium salt and 2,3-dichlorobenzylamine as described for Example 
15 31, except that the reductive amination mixture was stirred 1 3 hours before hydrogenation and HOAT was used 
in place of HOBT in the coupling reaction. 
MS: [M+H]+ = 397. 

1H (CD30D, 400 MHz) 8 9.04 (s, H), 7.71 (s, H) 7.62 (s, H), 7.52-7.50 (d, H, J = 18 MHz), 7.40-7.38 (d, H, J 
= 19 MHz), 7.32-7.28 (t, H), 4.63-4.50 (q, 2H), 4.41 (m, 2H), 3.90-3.89 (m, H), 3.12-2.95 (m, 2H), 2.34 (m, 2H) t 
20 1 .80-1 .64 (m, 3H), 0.99-0.93 (dd, 6H). 

Example 47 



25 



30 




[S-(^R*)]-1,2,3,4-Tetrahydro-2-[2-[[2-(1H^ di- 
hydrochloride 

35 

The title compound was prepared from the title compound of Example 5 as described for Compounds B 
and C of Example 16. After chromatography, the resulting viscous oil was evaporated from a solution of me- 
thanol containing hydrochloric acid to prepare the hydrochloride salt The gummy residue was crystallized from 
ethyl acetate to yield a gummy solid which was triturated with ether. Filtration afforded the title compound as 
40 a pale yellow powder, mp 145° (d). 
MS (M+H) + 341 + . 
[a] D -8.2° (c 0.82, methanol). 





Analysis for ^^0-1.72 HzO-2 HCI: 


45 


Calculated: 


C, 54.06; 


H, 7.58; 


N, 12.61. 




Found: 


C, 54.45; 


H.7.62; 


N, 12.15. 



Example 48 
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2-[[2-(2-Amino-1H-imidazol-4-yl)ethyl]am^ dihydro- 
chloride 

A. [(2-Phenylazo-1HHmidazol-4-yl)ethyl]-D > L-vanne, ethyl ester 

5 

A solution of the diazonium chloride of p-bromoaniline was prepared by the addition of a cold solution of 
290 mg (4.18 mmol) of sodium nitrite (NaNO^ in 1 mLof water to an ice cooled solution of 720 mg (4.18 mmol) 
of p-bromoaniline in 7 mL of 20% HCI. This solution was stirred for 0.5 hour with cooling and added dropwise 
to an ice cooled solution of 1 .0 g (4.18 mmol) of Compound A of Example 23 in 168 mL of 0.25 M sodium car- 
10 bonate. An immediate red-orange precipitate was obtained on addition. The reaction was stirred for an addi- 
tional 2 hours with ice cooling. The precipitate was filtered and the filter cake washed well with water. The dark 
red filter cake was dissolved in methylene chloride, dried (MgS0 4 ) t and the solution subjected to flash chro- 
matography on a 50 cc column of silica gel. Elution with 50% ethyl acetate-hexanes afforded 1.0 g (57%) of 
Compound A as a bright yellow solid. 

15 

B. [(2-Amino-1H-imidazol-4-yl)ethyl]-D,L-valine, ethyl ester 

A solution of 1.0 g (2.4 mmol) of Compound A in 50 mL of ethanol containing 100 mg of platinum oxide 
(P\D 2 ) catalyst was hydrogenated at 50 psi, at room temperature, in a Parr apparatus overnight. After removal 

20 of the catalyst by filtration through Celite®, the clear colorless filtrate was evaporated to dryness to yield a 
viscous oily residue. This material was dissolved in water and the solution washed twice with ether to remove 
the aniline liberated during the hydrogenation. The remaining aqueous solution was evaporated to dryness and 
the oily residue diluted with chloroform. A small amount of saturated NaHC0 3 was added and the mixture was 
stirred while additional solid NaHC0 3 was added in portions. Stirring was continued for 0.5 hour. Solid MgS0 4 

25 was added to remove any remaining water. The solids were removed by filtration and the filter cake washed 
well with additional chloroform. The filtrate was evaporated to dryness and the brownish oily residue subjected 
to flash chromatography on a 45 cc column of silica gel. Elution with 25% methanol in chloroform afforded 590 
mg (98%) of Compound B as a pale yellow foam. 

30 C. [(2-Amino-1H-imidazol-4-yl)ethyl]-D,L-valine 

Compound C was prepared as a tan foam from Compound B as described for Compound E of Example 

16. 

35 D. 2-[[2-(2-Amino-1H-imidazol-4-yl)ethyl]-amino]-N-[(2,3-dichlorophenyl)methyl> dihy- 
drochloride 

Compound D was prepared from Compound C as described for Compound H of Example 21 . Following 
evaporation of the reaction solvent, the residue was subjected to prep HPLC on a YMC S-10 ODS, 50 x 300 
40 mm column. Gradient elution from 0 to 100% solvent B (A: 10% methanol: water + 0.1% TFA, B: 10% watenme- 
thanol + 0.1% TFA) afforded a tan solid foam. This material was resubjected to prep HPLC on a YMC S-5 ODS, 
30 x 250 mm column, using the gradient elution described, to give a clear colorless glass which upon trituration 
with ether afforded the title compound as a white powder, mp 215° (d). 
MS(M+H) + 384 + . 



Analysis for C 17 H23N 5 OCl2-0.88 H 2 0-2 HCI: 


Calculated: 
Found: 


C, 43.17; 
C, 43.28; 


H, 5.70; 
H, 5.65; 


N, 14.81. 
N, 14.53. 
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Example 49 



5 




N>[(2>Dichlorophenyl)methyl]-NM2'(1H-imidazoM-yl)ethy1l-D,L-valinamide t trifluoroacetate 

To a homogeneous suspension of Compound A of Example 35 (85 mg, 0.4 mmol) in 60:40 DMF;DMSO 
15 (3.2 mL) were added sequentially a solution of 2,3-dichlorobenzylamine (70 mg, 0.4 mmol) in DMF (0.4 mL), 
NMM (44 ul, 0.4 mmol) and a solution of BOP (177 mg, 0.4 mmol) in methylene chloride (1 .6 mL). The resulting 
mixture was allowed to stand at 25°C for 1 8 hours, after which the product was isolated by solid phase extrac- 
tion as follows: 

1) A solid phase extraction cartridge containing 1.0 g of SCX resin (Varian) was conditioned with 10 mL 
20 of methanol. 

2) The reaction mixture was loaded onto the column. 

3) The column was rinsed with 30 mL of methanol. 

4) The column was rinsed with 7 mL of 0.1 N ammonia in methanol. 

5) The column was eluted with 7.5 mL of 1.0 N ammonia in methanol, and the eluant was collected into a 
25 tared tube. The solution containing the product was concentrated in vacuo to give an oily residue (1 54 mg). 

The residue was purified by preparative HPLC on a YMC S10 ODS column (30 x 500 mm), eluting with a 
linear gradient over 30 minutes from 10% to 90% aqueous methanol containing 0.1% TFAat50 mL/minute. 
Fractions containing the main U V absorbing peak (220 nm) were combined and concentrated, and the re- 
sidue was lyophilized to give the title compound as a white solid (110 mg, 46%). 
30 Analysis for C7H22N4OCI2-1 .25 H 2 0-2 CF 3 C0 2 H: 

Calculated: C, 40.69; H, 4.31; N, 9.04; F, 18.39; CI, 11.44. 

Found: C, 41.09; H, 4.18; N, 8.62; F, 18.50; CI, 11.43. 

Example 50 



40 




N-[(2,3-Pichlorophenyl)methyl]-^ 

45 The title compound was prepared from Compound B of Example 33 and methyltriflate using the 2 step 
procedure reported for Example 34. 





Analysis for C 18 H 24 N 4 O 2 CI 2 -0.7 H 2 0-2.11 HCI: 


50 


Calculated: 


C, 45.73; 


H, 5.86; 


N, 11.85; 


CI, 30.82. 




Found: 


C, 45.93; 


H, 5.50; 


N, 11.65; 


CI, 30.81. 



55 



69 



EP 0 675 112 A1 



Example 51 




(S)-N-ni t 2,3 t 4-Tetrahydro-2-[N^ -L-methionine, 
trifluoroacetate (1:2) 

20 

A. (S)-N-[[1 t 2 t 3ATetrahydro-2-^ 
nyl]-L-glutamine, methyl ester 

Compound A was prepared as a slightly yellow oil In 67% yield from Compound B of Example 14 and Com- 
25 pound D of Example 1 as described for Compound G of Example 6. Following chromatography on silica with 
ethyl acetate:hexanes (1 :1) followed by methylene chloride;methanol (9:1), It was used without additional pur- 
ification. 

MS: (M+H) = 772. 

30 B (S)-N-fl1,2,3,4-Tetrahydro-2-[N^ 
nyl]-L-glutamine 

To a solution of Compound A (130 mg, 0.169 mmol) in THF (3 mL) and methanol (1 mL) was added lithium 
hydroxide (LiOH) (1 M, 0.2 mL, 0.2 mmol). The solution was stirred for 2 hours followed by the addition of 1 N 
35 aqueous HCl (0.2 mL, 0.2 mmol). The solution was concentrated to dryness and washed with a 1:1 mixture 
of methylene chloride:methanol (3 x 20 mL), filtered and concentrated to afford 125 mg (98%) of Compound 
B as an opaque glass. 
MS (M+H) + 758 + . 

40 C. (S)-N-[[1,2,3,4-Tetrahydro-2-[N-[3-(^^ 
nine, trifluoroacetate (1:2) 

The title compound was prepared in 54% yield as a white powder from Compound B as described for Com- 
pound F of Example 2. 
45 MS (M-H)- 514". 

Analysis for C28H37N6O4S-O.35 H 2 0-2.3 CF 3 C0 2 H: 
Calculated: C, 46.87; H, 5.14; N, 8.93; S, 4.09; F, 16.72. 
Found: C, 46.92; H, 5.05; N, 8.83; S, 4.11; F, 16.65. 
See the table below for the following Examples 52 -148. 

50 

Examples 52-72: 

A. N-[(1,1-Dimethylethoxy)-carbonyl]-N-[1-triphenylmethyl-imidazol-4-yl-ethyl]-L-valine t sodium salt 

55 Sodium hydroxide (4.7 ml of 1.0 N aqueous solution, 4.7 mmol) was added to a solution of Compound A 

of Example 30 (2.61 g, 4.7 mmol) in methanol (10 ml). The resulting mixture was stirred for 5 minutes, then 
concentrated in vacuo. The residue was dried in vacuo to give Compound A as a white powder which was used 
without purification. 
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B. Examples 52 - 72 

The coupling of Compound Awith various amines was carried out using a standard diisopropylcarbodiimide 
(DIC) mediated coupling. The process was automated by using a Zymark Benchmate™ robotic workstation to 
5 carry out the acid-amine coupling and the purification of the resulting amide products. An IBM PC was used 
to run the Zymark Benchmate™ workstation operating program and to write the Benchmate 11- procedures. The 
protocol for the preparation of the compounds of Examples 52 - 72 follows: 

A 16 x 100 mm test tube was charged with 0.075 mmol of the amine component and capped with a plastic 
cap/column holder. For amines which were used as free bases, the Benchmate™ then carried out the following 
10 steps sequentially on each tube: 

1. Add 0.3 mi. of methylene chloride. 

2. Add 0.3 mL of a 0.25 M solution of Compound A in DMF (0.075 mmol). 

3. Add 0.3 mL of a 0.3 M solution of HOAt in DMF (0.09 mmol). 

4. Vortex for 30 seconds at speed 3. 

15 5. Add 0.3 mL of a 0.3 M solution of DIC in methylene chloride (0.09 mmol). 

6. Vortex for 30 seconds at speed 3. 

7. Wash syringe with 5 mL of methylene chloride. 

For amines which were used as hydrochloride salts, the Benchmate™ then carried out the following steps se- 
quentially on each tube: 
20 1 . Add 0.3 mL of dichloromethane. 

2. Add 0.3 mL (7.6 mg, 0.075 mmol) of a 0.25 M solution of triethylamine in dichloromethane. 

3. Mix tube contents by vortexing at speed 3 for 30 seconds. 

4. Add 0.3 mL (45.8 mg, 0.075 mmol) of a 0.25 M solution of compound A in DMF. 

5. Add 0.30 mL (12.2 mg, 0.090 mmol) of a 0.30 M solution of HOAT in DMF. 
25 6. Mix tube contents by vortexing at speed 3 for 30 seconds. 

7. Add 0.30 mL (11 .3 mg, 0.090 mmol) of a 0.30 M solution of DIC in dichloromethane. 

8. Mix tube contents by vortexing at speed 3 for 30 seconds. 

9. Wash syringe with 5 mL of dichloromethane. 

For both coupling protocols, the tubes were allowed to stand for 24 hours, after which 2.0 mL of TFA and 0.2 
30 mL of triethylsilane were manually added to each tube. After 4 hours, the tubes were concentrated in vacuo 

in a Savant Speed-Vac™. The tubes were returned to the Benchmate™ and the contents were purified by ion 

exchange chromatography on a solid phase extraction cartridge mediated by the Benchmate workstation using 

the following protocol: 

1. Add 5 mL of 1:1 methanol : methylene chloride to the test tube. 
35 2. Vortex for 60 seconds at speed 3. 

3. Condition a Varian solid phase extraction cartridge containing 1.0 g SCX resin with 10 mL of 1 :1 me- 
thanol : methylene chloride at 0.15 mL/second. 

4. Load reaction contents onto column at 0.02 mL/second. 

5. Rinse column with 15 mLof 1:1 methanol : methylene chloride at 0.10 mL/second. 
40 6. Rinse column with 7.5 mL of methanol at 0.1 0 mL/second. 

7. Rinse column with 5 mL of 0.01 N ammonia in methanol at 0.10 mL/second. 

8. Elute column with 7.5 mLof 1.0 N ammonia in methanol at 0.05 mL/second into a tared receiving tube. 

9. Wash syringe with 5 mL of 1 :1 methanol : methylene chloride. 

The contents of the receiving tubes were then concentrated in vacuo in a Savant Speed- Vac™. Homogeneity 
45 of the products was determined by HPLC, and identity was confirmed by electrospray mass spectroscopy. 

Examples 73 - 83 

The compounds of Examples 73 - 83 were prepared from Compound Af rom Examples 52 - 72 as described 
50 for the compounds of Examples 52 - 72. All compounds were further purified by preparative HPLC under the 
following conditions: A 30 x 250 mm YMC S5 ODS column was eluted with 25 mL/minute of a gradient from 
10% to 90% aqueous methanol containing 0.1% TFA. Fractions were monitored by ultraviolet absorbance at 
220 nm. Fractions containing the desired product (usually the major peak) were combined and concentrated 
in vacuo to give the compounds of Examples 73 - 83 as glassy oils. Homogeneity was determined by analytical 
55 HPLC, and identity was confirmed by electrospray mass spectroscopy. 
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Examples 84-100 

The protocol for preparation of the compounds of Examples 84- 100 from Compound E of Example 20 
follows: 

5 A 16 x 100 mm tube was charged with 0.075 mmol of the amine component and capped loosely with a 

plastic cap/column holder. The Benchmate® then carried out the following steps on the tube: 

1) Add 0.2 mL of dichloromethane. 

2) Add 0.3 mL (0.075 mmol) of a 0.25 M solution of Compound E of Example 20 in DMF. 

3) Mix tube contents by vortexing at speed 3 for 30 seconds. 

10 4) Add 0.33 mL (0.082 mmol) of a 0.25 M solution of BOP in DMF. 

5) Mix tube contents by vortexing at speed 3 for 30 seconds. 

6) Wash syringe with 5 mL of dichloromethane. 

After 20 hours, the reaction mixture contents were purified by ion exchange chromatography on a solid 
phase extraction cartridge mediated by the Benchmate® robotic workstation using the following protocol: 
15 1) Condition a Varian solid phase extraction column (500 mg, SCX cation exchange) with 10 mL of me- 

thanol at 0.25 mL/second. 

2) Load reaction contents onto column at 0.05 mL/second. 

3) Wash column with 2x10 mL of methanol at 0.1 mL/second. 

4) Wash column with 2 mL of 0.1 M ammonia in methanol at 0.1 mL/second. 

20 5) Elute column with 5 mLof 1 M ammonia in methanol and collect into a tared receiving tube at 0.1 mL/sec- 

ond. 

All solution/solvent deliveries were followed by 1 .8 mL of air and a 1 0 second push delay was used after 
loading reaction contents onto the ion exchange column. 

The product solution was concentrated on a Savant Speed Vac (approx. 2 mm Hg for 20 hours) to afford 
25 products. 

Examples 101-108 

The compounds of Examples 101-108 were prepared as described for the compounds of Examples 84 - 
30 100 except that the following steps were introduced between steps 5 and 6 of the coupling protocol: 

5b. Add 0.3 mL (7.5 mg, 0.075 mmol) of 0.25 M triethyl amine; and 

5c. Mix tube contents by vortexing at speed 3 for 30 seconds; 
and the following steps were introduced before step 1 of the purification protocol: 

1a. Add 0.2 mL of methanol to the reaction; and 
35 1b. Mix tube contents by vortexing at speed 3 for 30 seconds. 

Examples 109-131 

A. N-[(1 ,1-Dimethylethoxy)-carbonyl]-N-[imidazol-4-yl-ethyl]-L-valine, tetrabutylammonium salt 

40 

To a solution of Compound E of Example 16 (778 mg, 2.5 mmol) in methanol (3.0 mL) was added 1.0 M 
tetrabutyl ammonium hydroxide (2.5 mL, 2.5 mmol, in methanol) and the mixture was concentrated in vacuo. 
The residue was dissolved in dichloromethane (10 mL) and filtered through a 0.5 ujti frit. The solution was 
concentrated and dissolved in 10 mL of dichloromethane to give a 0.25 M solution of Compound A. 

45 

B. Example 109-131 

A 16 x 100 mm tube was charged with 8.0 mg (0.075 mmol) of the amine component and capped loosely 
with a plastic cap/column holder. For amines which were used as free bases, the Benchmate™ then carried 
so out the following steps sequentially on each tube: 

1 . Add 0.3 mL of dichloromethane. 

2. Mix tube contents by vortexing at speed 3 for 30 seconds. 

3. Add 0.3 mL (59.5 mg, 0.075 mmol) of a 0.25 M solution of Compound A in dichloromethane. 

4. Mix tube contents by vortexing at speed 3 for 30 seconds. 

55 5. Add 0.36 mL (39.8 mg, 0.090 mmol) of a 0.25 M solution of BOP in dichloromethane. 

6. Mix tube contents by vortexing at speed 3 for 30 seconds. 

7. Wash syringe with 5 ml of dichloromethane. 

For amines which were used as hydrochloride salts, the Benchmate™ then carried out the following steps 
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sequentially on each tube: 

1. Add 0.3 mLof DMF. 

2. Mix tube contents by vortexing at speed 3 for 30 seconds. 

3. Add 0.3 mL (7.6 mg, 0.075 mmol) of a 0.25 M solution of triethyl amine. 
5 4. Mix tube contents by vortexing at speed 3 for 30 seconds. 

5. Add 0.3 mL (59.5 mg, 0.075 mmol) of a 0.25 M solution of the Compound A, in dichloromethane. 

6. Mix tube contents by vortexing at speed 3 for 30 seconds. 

7. Add 0.33 mL (36.4 mg, 0.082 mmol) of a 0.25 M solution of BOP in DMF. 

8. Mix tube contents by vortexing at speed 3 for 30 seconds. 
10 9. Wash syringe with 5 ml of DMF. 

For both coupling protocols, after 20 hours, the reaction vessel was transferred to a fume hood and TFA 
(1 mL) was added. After 2 hours the reaction mixture was concentrated on a Savant Speed Vac (approx. 2 
mm mercury for 20 hours). The residue was then purified by ion exchange chromatography on a solid phase 
extraction cartridge mediated by the Benchmate® robotic workstation using the following protocol: 
15 1 . Add 1 .0 mL of methanol to the reaction. 

2. Add 0.2 mL of dichloromethane to the reaction. 

3. Mix tube contents by vortexing at speed 3 for 60 seconds. 

4. Condition a Varian solid phase extraction column (1 .0 g, SCX cation exchange) with 1 0 mL of methanol 
at 0.25 mL/second. 

20 5. Load reaction contents onto column at 0.05 mL/second. 

6. Wash column with 3x10 mLof methanol at 0.1 mL/second. 

7. Bute column with 5 mLof 1 M ammonia in methanol and collect into a tared receiving tube at 0.1 mL/sec- 
ond. 

All solution/solvent deliveries were followed by 1 .8 mL of air and a 1 0 second push delay was used after 
25 loading reaction contents onto the ion exchange column. 

The product solution was concentrated on a Savant Speed Vac (approx. 2 mm mercury for 20 hours). The 
compounds of Examples 109 - 112 and 127 - 131 were further purified by Preparative HPLC on a YMC ODS- 
A column (S-5mm, 250 x 30 mm, X. = 220, 10-90% aqeous methanol, 0.1% TFA, 30 minutes gradient elution) 
and were produced as TFA salts. 

30 

Examples 132-140 

The coupling of Compound A of Example 30 with various amines was carried out using a PyBrop mediated 
coupling. The process was automated by using a Shimdazu SILIOAautosampling workstation connected to a 
35 Shimdazu LC-8 preparative HPLC to carry out the acid-amine coupling and the purification of the resulting 
amide products. The workstation was programmed using a Shimdazu SCL-10A system controller to create a 
pretreatment file for reagent mixing. The protocol for preparation of amides from Compound A of Example 30 
and the corresponding amines was as follows: 

A4 mLglass autosampler vial was charged with 0.2 mmol of the amine component and capped with a teflon 
40 coated rubber septum. The Shimadzu SIL10A then carried out the following steps sequentially on each vial: 

1. Add 0.20 mL of a 0.5 M solution of Compound A of Example 30 (0.10 mmol) in methylene chloride. 

2. Add 0.40 mLof a solution containing 0.5 M DMAP (0.2 mmol) and 1.0 M triethylamine (0.4 mmol) in me- 
thylene chloride. 

3. Add 0.25 mL of a 1.0 M solution of PyBroP in methylene chloride (0.25 mmol). 
45 4. Mix three times by needle aspiration. 

5. Wash syringe with 2 mL of acetonitrile. 

After all reagents were added, the rack containing the reaction vials was transferred to an orbital shaker 
and the vials were shaken at 200 rpm for 1 8 hours. TFA (1 .0 mL) and 0.075 mL of triethylsilane were then man- 
ually added to each tube. After 4 hours, the vials were uncapped and their contents were concentrated in vacuo 

50 in a Savant Speed-Vac 711 . The residue in the vials was then dissolved in 1 .0 mL of THF and 1 .0 mLof methanol, 
and the solutions were injected sequentially by autosampler into the Shimadzu preparative HPLC. Chroma- 
tography was carried out on a YMC S5 ODS column (30 x 250 mm), eluting with 25 mL/minute of a linear gra- 
dient from 10% to 90% aqueous methanol containing 0.1% TFA over 30 minutes. Fractions were monitored 
by ultraviolet absorbance at 220 nm. Those containing the desired products (as determined by mass spectro- 

55 scopy) were concentrated in the Speed- Vac to give the compounds of Examples 132 - 140. 
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Examples 141-148 

A. (3S)-1,2,3,4-Tetrahydro-2-[NH(1,1-di^^^ 
hyl]-L-valyl]-3-isoquinolinecarboxylic acid, methyl ester 

5 

HOAT (1 .31 g, 9.63 mmol) was added to a slurry of Compound Aof Example 30 (3.55 g, 6.42 mmol), methyl 
L-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (4.38 g, 19.2 mmol), EDC (1.84 g, 9.63 mmol) and DIEA(5.59 
mL, 32.1 mmol) in DMF (26 mL) under argon. After 16 hours, the reaction was diluted with NaHC0 3 (20 ml_), 
10% LiCI (10 mL) and ethyl acetate (75 mL). The aqueous layer was extracted with ethyl acetate (2 x 75 mL) 
10 and the combined organic extracts were washed with NaHC0 3 (30 mL) and LiCI (2 x 30 mL), dried over MgS0 4 , 
filtered and concentrated. The residue was purified on a flash silica gel column eluting with a step gradient of 
9/1 , 8/2, 7/3, 6/4, hexane /ethyl acetate. The isolated product was dissolved in ethyl acetate, the solution was 
washed with 10% HCI, and the organic layers were concentrated to afford Compound A as a light yellow oil 
(2.75 g, 59%). 

15 

B. (3S)-1 ,2 t 3 t 4-Tetrahydro-2-[NH (1 ,1-dimethylethoxy)-carbonyl]-N 2 -[2-(1-triphenylmethyl-imida2ol-4-yl)et- 
hyl]-L-valyl]-3-isoquinolinecarboxylic acid 

1 NNaOH(9.1 mL,9.1 mmol) was added to a solution of Compound A(2.75g, 3.78 mmol) in methanol /THF 
20 (18/13 mL). After stirring for 15 hours, the reaction mixture was diluted with ethyl acetate (30 mL) and neu- 
tralized with 1 N HCI (5 mL). The aqueous layer was extracted with ethyl acetate (2 x 100 mL). The combined 
organic layers were dried over MgS0 4 , filtered and concentrated to afford Compound B a light yellow oil (2.56 
g,100%). 

A 16 x 100 mm tube was charged with 0.075 mmol of the amine and capped loosely with a plastic cap/column 
25 holder. The Benchmate® then carried out the following steps on the tube: 

1. Add 0.3 mL of dichloromethane. 

2. Add 0.3 mL (53.4 mg, 0.075 mmol) of a 0.25 M solution of Compound B in dichloromethane 

3. Add 0.30 mL (12.2 mg, 0.090 mmol) of a 0.30 M solution of HOAT in DMF. 

4. Mix tube contents by vortexing at speed 3 for 30 seconds. 

30 5. Add 0.30 mL (11 .3 mg, 0.090 mmol) of a 0.30 M solution of DIC in dichloromethane. 

6. Mix tube contents by vortexing at speed 3 for 30 seconds. 

7. wash syringe with 5 mL of dichloromethane. 

After 20 hours, the reaction vessel was transferred to a f umehood and TFA (1 .5 mL) was added. The mix- 
ture was allowed to stand for 20 minutes, and triethylsilane (150 mL) was added. After 24 hours, the mixture 
35 was concentrated on a Savant Speed Vac (approx. 2 mm mercury for 72 hours). The residue was purified by 
ion exchange chromatography on a solid phase extraction cartridge mediated by the Benchmate® robotic 
workstation using the following protocol: 

1. Add 5.0 mLof methanol/dichloromethane (1:1). 

2. Mix tube contents by vortexing at speed 3 for 60 seconds. 

40 3. Condition a Varian solid phase extraction column (1.5 g, SCX cation exchange) with 10 mL of metha- 

nol/dichloromethane at 0.15 mL/second. 

4. Load reaction contents onto column at 0.02 mL/second. 

5. Wash column with 3 x 7.5 mL of methanol/dichloromethane (1 :1 ) at 0.1 mL/second. 

6. Wash column with 0.01 M ammonia in methanol. 

45 7. Elute column with 7.5 ml of 1 M ammonia in methanol and collect into a tared receiving tube at 0.05 
mL/second. 

All solution/solvent deliveries were followed by 1.0 mL of air, and a 5 second push delay was used after 
loading reaction contents onto the ion exchange column. The product solution was concentrated on a Savant 
Speed Vac (approximately 2 mm mercury for 20 hours) to afford the compounds of Examples 141 - 148. For 
so the compound of Example 148, triethylamine (0.3 mL of a 0.25 M solution, 0.075 mmol) was added to the re- 
action mixture since methionine benzyl sulfonamide, hydrochloride salt was used as the starting amine. 
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y I i 

mVu' I vNv^\ ; N<2-(2^1H-lmida20l-4^)BlhylhN- 
N N T Y ll !phanyH.-vallnamkte. 

0 \ 


nrVi287 (M*H)+ 


53 : 

i 
! 

! 


P\ Y Ill W42^iH^midazoM^)ethylHH(3- 1 

0 ! ! 


mfr315(M+H)+ 


54 | 


0^^ k ^N^jO^ !^2-(lH-innldaaa^«hy)H«H(4- • 
N N j m«hylphenyl)-m8tfiy()-L-valinaniicte. 
0 


mfe315(M+H)+ 


55* 


0 


N<2-{2-< 1 mmtaazo!-4-yl)ethyi}-N-<3- 
phsnyipropyiy-L-v&flnsntidB. 


mte329(M+H)+ 






I 

; 

N-Ethyt-N<2-{2-(1 KHmidazoM- 
yi)6thyl}^^(2^0thyH>heny«)fnethyn-U m/z343(M+H)+ 
vatinamide. 


56 


57 




'N-ahyt-N<2-(2^1 H-imWazol-4- 
yi)othy1H^(4-TOtlTyt-phGnyl)mettiyl}-U m/z 343 <M4«)+ 
ivalnamide. 

i . ! 

! ! 


58 


F 


: N-BhyW^(2-fluoroph8nyi)mBthyi}- 
,N<2-{2-(1 H-lmidazol-4-yl)ethytK- 
valnamide. 

i 


m/z 347 (M+H>+ 


59 




I N-6utyt-N <2-{2-( 1 H-irrtdazol-4- 
yl)ethyfPHpheny1-methyl)-L- 


m/z357(M+H)+ 
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' t j 

i o / 


I 

N-Bhyl-N<2-[2-{1H-fmlda20M- ! 
y0ethyihN4(2-methoxyi)henyl)methy11- 
L-vaiinarrade. 


m/z 359 (M+H)+ 


i /—I 

U N i Y '-O 

« ! V^n'VK Q 


N<2-{2-<1 H-lmklazoU-yOethyll-N- 

nwt!^^1^apmh-aienylmettTy1>-L- 

vaUnamide. 


rrVz365 


I 

62 




i 

N<2-{2-{1 mmWa2oM^I)omyl]-N-<2- 
pheriytethyl)-|sHphenylmethylH.- | mfr 405 (M+H)+ 
vattnamida. 






i 

N^Anmracenytmethyt)-N<2-(2-<1 H- 

lrrtcte20M-yl)-ethyt]-N-fnethyW.- 

vaMnamide. 


I 

; nVz415(M+H)* 

| 


64 


°Q 


i 

iN-Dodecyt-N<2-{2-(1 H-imidajcoM- 
lyt)«hy*)-N-(phBnyMnethvn).L- | mfe469(M+H)+ 
ivaJinamfcte. 

! i 

i ; 


N n V" V=H (SM ^3>Tetrahydro-1-[2-tf2-(1 H- 
6 c 1 >s, JL N ) ifT*lazol-4-yl)Hethy1]aminoh3-niethy1-1- m/z327 (M+H)+ 
N ^ N t'VV :oxobutyilquinoline, 

o | 


• i ; 

! I 
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: thi Y ^ jO N<2-l2K1H.|fnWa20M^I)rthyn-hH2- 

68 • V^^M^N T .(2*nethoxy-phenyl)emyl]-L- 

l>f N ' o vallnamide. 

i 0 



mta345 (M+H)+ 



N<2-{2-(1 H-lnwiazol-4-yl>ethyl}-N-{2- 
(Xmthoxy-phenyt)sthyQ-L- | m/z 345 (M+H)+ 

vmUnamide. ! 



70 I ^M^kXcN^-^) W^-CWoiophanyOethyq^kZ^ 

70 N NT >- (iH^fntaazot-^l)ethy»H.-vattnafnKte. m348(M+H)+ 

o a 



O N-{(2-Hydroxy-3- 
° £^-q LrvtHnamide, j 



72 N N v — (^y-Q nrwmoxyphenyl)-methy1]-L-valinamide. s 



m/z 331 (m+H) 



jT fci r^Tl N^-Chlorophenyl)mathy!)-N<2-[2- 
73 ; N^^N^" (1 H4mtdazol-4-yl)-ethyn-L-valjnamide, 



I m/z 335 (M+H)+ 

trtftuoro acetate 



: f\ K f~" ^ ' N-€thy1-N<2-{2-<1 H-*midazol-4- 

7A : N^^N T N w<. > yl)«thyl]-N^3^i6thyl-phenyl)methyq-L.: 
q vtMnamide. trtfluoroacetate. « 



m/z343(M+H)+ 



75 ' N 0( 4-y0ethy1]-N-(phenylmethyl)-L- ! mfe354(M+H)+ 

\ vatinamide, trtfluoroacetate. 

N 
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i 0/ 

i 


N-({4*Chlorophenyl)methyl}-N-etfiyl- 

N<2-[2-(1 H-imida20t-4-yl)6ttTylH-- } mft 363 (M+H)+ 

vaMnarrude, trrfluoroacetata. ! 

i 


a 


i 

N-((2-CMorophenyt)mettiyl>N-«thyt- 

N<212-<1 H-imMazoM-yDethyH* j nVz 363 (M*H)+ 

vattnamide, trifluoroacetate. 


: N N 0 ; f 


! N-{(2-ChtorD-6-l luorophenyi)methytl-N-i 

j ethyt-N<2-(2-(1 H-lmtda2Dl-4-yi)athythU nVz381 (M+H)+ 

jvattnamtde. trlfluoroacetate. | 


| a j 

7 a I Y —/^ « i MK(2,4-DIchlorophenyt)inethyn-N-ethytj I 
• i^JL^ JL ki^-^" 0 iN<2K2-<immlda20l-4.yl)ethyH- mft397(M+H>+ 
| NT^N . ; IvaHnamtde. trtfluoroaeetale. 

I °' I 


I VL^. X NlCj !l^(2-Hy*oxyphany«)m«hy)>N<2-t2. 

bo N N bXr i— •«* 

| y jvattnamicte.trifiuoroacetate. j 

■ i * 
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:N t N^t&[(2^thaxyphenyt)memyl}-N<2-i 
[2-<1 mmtctozol-4-y!)etnyl]-L- : mfc 479 (M+H)+ 

valinamicte, titftuoroacetate. 



9 o- 



N^-Bls[(2,3-dimethoxyphonyl)methyl]-| 
N<2-(2-(iH-imidazol-4^l)ethylH.- mfrSH (M*H)+ 
valinamide, trrfluoro acetate, i 



83 



a a 



N^S-DlchtorophenylJmethyll-N-ethyli 
N<2-[2-(1 H-imiaa20l^yl)ethyt]-L- rnte 398 <M+H)+ 
vattnamida, trifluoroacetate. 
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5 



10 


. 84 


0 Y ' ^ 

; | 

0 


i 

(3S)-N-(2-Hytimxypropyl)-N<2-[2-{1 H- ' 
ImWazol^ylHtnytl-L-vatmamide. 


m/z 442 (M+H)+ 


15 


85 




(SM ,2A4-Tetrahydro-2<N-(1 
imklazot-4^lacetyt)-L-vatyfhN42-{1 - 
methyHHi>yiTol-2-yi)elhylJ-3- 
isoquinolinecamoxamide. 


mfc491 (M+H)+ 


20 


86 


0 0 


(3S)-1 ,2A4-TetrahyGro-N-[1 - I 
(hydroxymsthyl)-^ mtt502(M*HU 


25 


87 




(3S)-N-{2-<5-Ruoro-1 H-lndot-3-y0-1 - 
m8thytethy<)-1 ^3,4-tetmhydro-2-{N- 
(1H4midazol-4-ylacety1)-L-valyi)-3- 
iaoquinotinecarbaxanrude. 


mfc559 (M+H)+ 


30 


88 


0 0 


|1SK1 HW^RTH A3,4-Tetrahydro- 
N^2<4iydroxy-1-(hydroxymetnyl)-2-(4- 
(metftytthto)pnenytJathylJ-2-{N-<1 H- 
lmktazoJ-4^acetytK-valylJ-3- 
Isoquincriino-caitooxamjde. 


i 

mfe580<M+H)+ 

i 

i 


35 


89 


On 

9 CO 


: (S)-N-{3-<Do<tecytthto)propyih1 ,2,3,4- 
i totmhydro-2-{N-<l H-mtttlazol-4- 
;ytacetylK-valyll-3-isoquinollne- 
carboxarrtjde. 


mfc626(M+H)+ 


40 


90 




j(S)-1 ,2A4-Tetrahydro-2-{N-(1 H- 
jin*iazol-4-ytacetyl)4.-vatyl}-N-<3- 
I methoxypropy1)-3- 
tisoquinolinecafboxamWe. 

1 


! 
1 
1 

; nVZ 456 (M+H)+ 


45 


91 




; (SH ,2,3.4-Tetrahydro-2-{N-(1 H- 
; imida20l-4-yiacetyl)-L-vaJyi]-N-{3- 
: (methytthIo)pfopyt]-3-isoquinoline- 
carboxamide. 


m/z472(M+H)+ 



50 
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10 


92 




(SM ,2^.4-Tetrahydro-2-{N-(1 
irratooi^ylacetyi)4..valyO-N-f2-(1 H- 
lmttazoM-yl)ethylJ-348oquinoline- 
cafboxamide. 


mfe 478 (M+H)+ 


15 


93 




(S)-1 ^.4-Tetrahydro-2lN-(1 H- 
lmWa20M^iac8tyl)-L-valyl]-N-(2- 
phenytethy1)«3- 


mfe488(M+H)+ 


20 


9A 


ON Va/ 


(SH t 2 t 3 > 4-Tetfahydio-2KN-(1 H- 
imWa20l-4^laoetylK-valylH4-l3-(1 H- 
imJdamM -yl)propyl}-3-lsoqutnoiin©- 
cartooxamide. 


nVz492(M+H)+ 


25 


95 




(SH t 2£,4-Tetrahydro-2^N-<1 H- 
imWa20)-4-yta£»ly1)-L-valy!]-N-{2-{2- 
tWanyi)ethylh3-isoquincline- 
CTitooxanrida. 


m/*494 <M+H>+ 


30 


96 


WW 


(SM ,2A4-Tetiahydro-2-(N«<1 H- 
{mWazoM-ylacetyl)-L-valy1]-N-<4- 
phenyfouty1)-3- 
isoqutnolinecaitx>xamide. 


mfe51B(M+H)+ 


35 


97 


o 


" 

{1SK1R-(Rn^S*D-1A3,4.Tetrahydro. 
N-<2-hydrtay-l -methyl-2-phenyietftyl)- 
2«{N-(1 H-lmida20l-4-ytacotyl)-t-valyq- 


m/z518(M+H)+ 

i 


40 


98 




! 

(3SM .ZA4-Tetrahydn>-2-[N.(1 H- 

nr»thyl-2-phenoxyBthy1)-3-lsoquinoNney nVZ51B(M+H)+ 
cartwxamtde. 


45 


99 




(S)-N42-(3 > 4-Dimethoxyphenyt)ethyl]- 
1 ,2,3,4-tetra-hydro-2-{N-(1 H-imidazol- 
4-ytac«tyt)-L-valyi]-3- 
isoquinolinecarboxamide. 


m/* 548 (M+H)+ 



50 



55 
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100 

1 

I 1 

j 




(Ammosutfony0phenyl]ethylJ-1 Z3.4- 

,tetrahydro-2-{N-<1H-tmidazol-4- 

iytacetyl)-L-valyi]-3- 

i isoc^jinolinocarboxarmbe . 


mte567 (M+H)+ 


1 

i 
i 

101 




I ; 

(SM«.4-Tetiahydro-2WlH- 
1 [mlda2ol-4-vtaoctvfM.-vaMI-N43» 
] (rnethyt8Ultonyi)propylJ-348oquinoiinB- • 
Icartjoxamidfi. 


mft 504 (M+HK 


1 

102 




! (S)-1 ,2A4-Tetrahydro-N-(5-hydroxy- 
' 1 .5-dirTwthvihflaevtt-24N«M H-imtdazof- 
1 4-ytaoety!H--va^348oquinotine- 
.cartjoxamide. 


mfe512(M+H>+ 


103 


0 


| [S-<R # .S*)]-1 A3,4-TetfahydfO-2-tN- 
: f 1 H4miria2nl-4*vlaMtvl)-L-vAlvfl-N42- 
l(4*itoopheny»)athyl}-3- 
| isoqutnoiinecarboxamida. 

! i 


mte533(M+H)+ 


104 


."1 9Y r ^ 


! (SM t 2,3/Metrahydro-2-{N-<1 H- 

' irr^tnTnl-4xvtnmtvt^l -vntvfl-M4P-/fi- 

; m*thoxybonzo(b]thtopnen-3-y1)etJTyl J-3- 
| lsoquinoiinecart>oxamide . 

i 


mfe 574 <M+H)+ 


105 


° N o <fb 


(S)-I^Methytsutf onyl)-N<2-[[1 ,2.3,4- 
tatrahydro-2-{N-<l H-imidazol-4- 
ylaoaty1H-valyt)-3-isoquinoliny))- 
caibonyl J-L-rnat hioni nanuda . 


nVz 593 (M+H)+ 


106 


0 ^ s 


:( SVN-[6-a<4- 

Chk)ropheny1)methyl]ammoH^- 
oxohexyQ-1 A3,4-tetmhydro-2-[N-(l H- 
. imkterol-4-y lacetyl}-L-vaJyt)-3- 
! isoQinnotinecarboxamsde. 


. m/z622<M+H)+ 


107 


o (3% 


{S)44-(Phenylsul(onyi)-N<2-(t1 .2,3.4- 
tatrahydro-2-[N-<1 H-Urodazol-4- 
ylacetyl)-L-valyn-3-l80quinotinyl)- 
cartwnylJ-L-rnetftloninarrnda. 


m/z 655 (M+H)+ 
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108 




Bk(phenytmethoxy)pheny!]ethyQ- j 
1 ^3,4-tetrahydro-2-{N-<1 Himkte20l-4J 
ytacety1K-vatyl)-3- 


m/z700(M+H)+ 


1 0 


N<2-{2-(1 H-lmtdazot-4-yi)ethy(hN- 

(phonytmethyl)-L-vaanamid«, 

WBuoroacetate(12). 


m/z301 <M+H)+ 


110 




N<2-{2*(1 H-lmkiazoh4^l)ethyq-N-(2- 
phenytethy1)-L-valinaiTride t 
trtfluoroacetato (1:2). 


nVz315 (M+H)+ 


in 


0 w f 


N<2-{2-(1 H-lmtda20l-4-yi)ethy1]-N-n4- 
(trtftuorometh-yl)phenyi]methyf]-L- 


m/z369 (M+H)+ 


112 




N-<9H-Ruoren-2-yO-N<2-{2-(1 H- 
imida20t-4-yl)ethyl)-L-vallnBmide, 
trtfluoroacetate{1;2). 


mte375(M+H)+ 

! 


9 


N-C2-(3,4-Oimetnoxypheny1)ethyi]-N<2- 
[2-(1 H-hTndazol-4-yl)etfryl]-L- 
vainamide. 


m/z 375 (M+H)+ 


; of 


i 

! NK(2-Ruorophenyi)methyQ-N<2-[2- 
(1 H-lmida20W-yl)ethyll4..valinamide. 


I 

I : 

nV2 309 (M+H)+ 

i 
i 


; |A^ M ^N>jQv, ;N4(3^hlorophenyl)methy»l.N<2-l2- ^33.^ 
N N ' CI ;(1H-imldazoM-yl)ethylR-va«namlde. ■ 335 < M+H ' + 

0 1 i 

; i 



82 



EP 0 675 112 A1 



n6 ' ff^ : NH(2 f 3-Oimethytphenyl)methyn-N<2- ; 

; M^^M^^N^^^^ ;[2-(1H-lmldazol-4.yl)«thyl]-L- i 
i M IN ■ I jvatinamide. 

! 0 ! 


m/z 329 (M+H)+ 


! o . k^ 0 . 


N42^444ydroxyphenyl)ethyq-N<2-{2* 
(1 mmida^M-yi)8thyt]-L-vaiinarnide. 


nVz 331 (M+H)+ 


j j 

11B 1 ^ JL M X J W(4-^tofophenyl)methy0-N<2-I2- 
Ub ; N -^s^ N ^N>^^ i(iH-imidazol-4-yl)ethylH.-vaUnamide. 

! o 


mfc335 (M+HH 


119 


j 

\ I k, T J iN4(2.6-Difluoropheny))methylhN<2-l2- 

0 F j 


nVz337(M+H)+ 


120 


' i 

|SK V iNH(2-Elhoxyphenyl)methyl}-N<2-[2- 
: C n V^ n ^yNvAJ j(1WnUdazoM^thylhL.vBJin«nidB. 

i o | 


■ mft 345 (M>H)+ 


N^l Y f^lT^ N^3-Chloro^luorophenyl)methy!]- 
N NT tJ Ivalinamida. 

i o 


1 
i 

m/z353(M+HH 

i 


122 r >N~\\ ^Y^ f^iT^ N-{(2-Chloro^Wluoropt)eny1)methyl]- 
M'^M^Ns/V N<2-{2-(1H-imida20l-4-yl)ethyl]-L- 
! N N L ivaUnanwte. 

1 o a 


i 

; m/z353 (M+H)+ 


123 


i ! 

N-{(2 t 3-Dimethoxypheny<)memylhN<2- 
;l2-(1H-imidazol-4-yl)emyl]-L- mte361 (M+H)+ 
vaiinamide. 
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- 


F ' 

<p N<2H2-(1H-lmida2ol-4^l)ethyll-NKI3- 

|(trffluorometh-yl)pheriy1)methyl}-L- 
valinamide. 


mte369(M+H)+ 


125 


\i- ! k^ k ,'^Ns^kA NH<3,4-Dichloropheny))methyO-N<2-t2. 
N ^ N Y |(lH-imida2crf-4.yl)emylhL-valinamWe. 

0 ! 


m/z369 (M+H)+ 




i 1 ! 

! N<2-[2-(1 H-lmida20l-4^l)ethylhNH(2. • ^ ^ 

I nltrophenyt)-methyll.L-valinamide. ^ (M+M,+ 

3 


127 


0 


N<2-[2-(1 H-lmitia20l-4-yl)ethyl}-N-l(2- 

rn«mylphenyl)-rnemyl]-L-valjnamide t 

trifluoroacstate. 


rn/z315(M+H)+ 


128 


°oo 


N<2-[2-(1 H-lmidazol-*yl)ethyl}-N-<1 - 

napffltalenylmeta-yi)-L-vafoiamide, 

trifluoroacetate. 


rn/z351 (M+H)+ 


N° 


: hH2-{4-(AminosurtorTyl)phenyt)ethy1]- 
N<2-[2-(1 H-imrctazol-4-yl)etrr/IJ-L- 
vaMnamide, trifluoroacetate. 


nVz394(M4«)+ 

i 


t 1 . I M —.0 N4[4-(Amino8ulfony1)pheny(]methyl)- 
130 IsT^N « v_/^_e. w ,N<2-[2-(1H.imida2Ol-4^0ethy)]-L- m/z 380 <M+H)+ 
0 \_7 2 N 'vaHnamide, trifluoroacetate. 


0 


0 


I 

N<2-[2-<1 H-lfrtdazol-4.yl)ethyl]-N-(2- 

; naphthatenyImeth-yl)-L-valinamide, m/z 351 (M+H)+ 

trffluoroacetate. 



84 



EP 0 675 112 A1 



5 



10 


132 


0^ 


I 
1 

N-Elhyl-N<2-(2-(1 H-4mK*a20l-4- 
yl)ethyl)-N-<2-methy»-pheny«H- 
vatinamida, trffiuoroacetate. 


mfr329(M+H)+ 


15 


133 


o s 


! 

N<2-p-<1 H-lmidazol-4-y«)athyl W2- 
(methytthio)-phonyl}-L-vatinamide, 
trtfluoroacetate. | 

1 


nVz333 (M+H)+ 


20 


134 


0 ^ a 


N-<4-Chtorophany1>-N<2-{2-(1 H- 
inriklazoi-4^)athyi]-NHrn8thyM.- 
vaflnamlde, trttiuoroacetate. 


m/z335(M+H)+ 


25 


135 


i 


N-«1 .1 '-BiphenylH-yi)-N<2-l2-{1 H- 

irrtda^l-4.yt)«trTyf]-L-valinamKje 1 

trtfluoroacetate. 


m/z3G3 (M+HK 


30 


136 


0 


N-fll .I'-BiphanyiH-ytmethyl^N-ethyt- 
N<2-{2-(1 Hnmidaax)l-4-yl)ethythL- 
valinamide, triftuoroacetate. 


mk4Q5<M+H)+ 


35 


137 


0 6 


N-<[1 ,V-B^henyi)-2-yimethyl>-N-6thyi- 
N<2-(2-< 1 H-tmidazoM-yl)ethy1|-L- 
valnamioe, triftuoroacetate. 


nVz405 (M+H>+ 


40 


138 




4-HN-{2-(1 H^midazol-4-yi)ethyi]4.- 

valyf]amino]oenzoicacid r 

trtftuoroacetate. 


mrz331 (M+H)+ 


45 


139 


0 


3-flN-(2-<1 H-lmidazol-4-yl)ethy1]-L- 

varylJamrno)benzoicacid, 

trtfluoroacetate. 


m/z331 (M+HH 



50 
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140 


0 0 


3-dN-(2-( 1 H-!mida20J-4-yl)etftyll-L- 
vaJyOaminoJ-benzeneacettc acid, 
trtfluoroacetats. 

i 


m/z 345 (M+H)+ 


141 




I 

<S)-1 A3,4-Tetrahydro-2-(P^2-{1 H- 
imkiazoI^lHthy(hDL-vaiyQ-N-(3- 
( methyl thk))propy1}-3- i 
ifioqirinolirwcartsoxamide. | 


m/z 458 (M+H)+ 


142 


0 oVx5 


j 

(S)-1 ^4-Tetrahydra-2-(N-[2-<1 H- 
irnkla20l^-yl)-ethyl}-DL-vaJyf)-N- 
: (ph6nytmethy1)-3-lsoquinoUne- 
carboxamkje. 


m/z 460 (M+H)+ 


143 




!(3SM ,2,3.4-Tetrahydro-2-{N2-(1I+ 
|in^dazDl^ylHthyl]^L-vaiyf]4H1- 
| pbenytethy1)-3-lsoquinotine- 
icaiboxanrrida. 


mft474 (M+H)+ 


144 




j (S)-1 ,2A 4-Tetrahydro-N-{2-<4- 
i hydroxypftenyt)ethyl}-2-[N-[2-(1 H- 
!)midazoM-yl)ethylhOL-valyq-3* 
jisoquinotinecamoxamicte. 


m/z 490 (M+H)+ 

> 


145 




(SHJK(3-ChJorophenyl)methyl)-1 ,2,3,4; 
ISJS'^ cntt 495 (M+H)+ 
isOQuinoltnecartJOxamtde. 


146 


°° n o6 


; (SHH1 . 1 *-Biphenyfl-2-yl)-N-ethy»- 
i 1 Z3,4-tetra-hydro-2-{N-{2-{1 H- 
irrtdazoM-y1)ethy1hDL-valyQ>3- 
! isoquinolinecarboxarnide. 


j m/Z564<M+H)+ 

i 


147 




(Syu-d 1 , 1 *-Biph6nyq-4-yl>-N-ethyl- 
: 1 A3.4-tetra-hydro-2-[N-(2-(1 H- 
imkiazoM-yl)ethy1]-DL-valyl)-3- 
isoqumolinecarboxamide. 


m/z564(M+H)+ 
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148 



(S>-N-<Phenytsulfonyi)-N<2-tt1A3 ( 4- I 
tetfahydro-2*{N-{2-<l H-lmida20l-4- 
yl)ethyl]-L-valyI}-3-lsoqtdnollnylJ- 
cartxmyl)-DL-metWoninamida. 



m/2 641 (M+HH 



Claims 



1 . A compound of the formula 




or such a compound in enantiomer, diastereomer, pharmaceutical ly acceptable salt, prodrug or solvate 
form, wherein: 
G is 





G1 is 
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G 2 is 




or -NRio-CH(Q 1 )-; 

J, K and L are each, independently, N, NR 9 , O, S or CR 10 with the provisos that only one of the 
groups J, K and L can be O or S, and at least one of the groups J or L must be N, NR 9 , O or S to form a 
fused f ive-membered heteroring; the bond between J and K or K and L may also form one side of a phenyl 
ring fused to the fused f ive-membered heteroring; 

Q is aryl; 

Q1, A 1 and A 2 are each, independently, H, alkyl, substituted alkyl, phenyl or substituted phenyl; 
G 3 is R11, -C(0)OR", -C(0)NR"R 12 5-tetrazolyl, -C (0)N(R 13 )OR", C(0)NHS0 2 R^ or -CH 2 OR"; 
G*is 




attached at the 1 ,2, 4 or 5 position and optionally substituted, at any of the available position or positions 
on the ring, with halo, alkyl or substituted alkyl having 1 to 20 carbon atoms, alkoxy, aryl, aralkyl, hydroxy, 
alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylamino, thiol, alkylthio, alkylthiono, alkyl- 
sulfonyl, sulfonamido, nitro, cyano, carboxy, carbamyl, N-hydroxycarbamyl, N-alkylcarbamyl, N-dialkyl- 
carbamyl, alkoxycarbonyl, phenyl, substituted phenyl, or a combinaton of these groups; 

Y and Z are each, independently, -CH 2 - or -C(O)-; 

Ri - Ru are each, independently, H or alkyl having 1 to 20 carbon atoms; 

R 7 , R 8 and R 14 may also be aryl or aralkyl, and R 3 , R 9 , R 11 , R 12 and R 13 may also be aralkyl; 

m, n and p are each, independently, 0 or an integer from 1 to 2; 

q is 0 or an integer from 1 to 4; and 

the dotted line represents an optional double bond. 

A compound of Claim 1, wherein 
G is 
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10 



15 



20 



G2 is 



G* is 




25 



30 



35 



40 



\2J 



attached at the 1, 2, 4 or 5 position, and optionally substituted at any available position or positions on 
the ring, with alkyl having 1 to 20 carbon atoms or aralkyl; and A 1 and A 2 are each, independently, H or 
D-, L-or D,L- -CH 3 , -CH(CH 3 ) 2 , -CH 2 CH(CH 3 ) 2 , -CH(CH 3 )CH 2 CH 3 , -C(CH 3 ) 3 , -CH 2 OH, -CH 2 CH 2 OH, -CH 2 
CH 2 CH 2 OH, -CH(OH)CH 3 , 



45 



50 



55 




-CH2-V y — OH 



-CH 2 CH2 CH 2 CH 2 NH 2 , 

-CH 2 CH2 CHg NH — C - NH 2 
-CH 2 C(0)OH, -CH 2 CH 2 C(0)OH, -CH 2 C(0)NH 2 , -CH 2 CH 2 C(0)NH 2 , -CH 2 CH 2 OCH 3 , -CH 2 CH 2 CONR 15 Rie, 
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-CH 2 SH, -CH 2 CH 2 SH, -CH2CH 2 SOCH 3 , -CH 2 CH 2 S0 2 CH 3 or -CH 2 CH 2 SCH 3 , where R1 5 and are each, 
independently, hydrogen or alkyl, or R 15 and R 16 , taken together, form a 5- to 7-membered, optionally sub- 
stituted, saturated ring with the N-atom to which they are attached. 

A compound of Claim 1 , wherein G* is -NR 10 CH(Q 1 )- and Q 1 is 




A compound of Claim 1 , 2 or 3 wherein A 1 and A 2 are each, independently, H or D-, L- or D,L- -CH 3 , -CH(CH 3 ) 2 , 
-CH 2 CH(CH 3 ) 2 , -CH(CH 3 )CH 2 CH 3 , -C(CH 3 ) 3 , -CH 2 OH, -CH 2 CH 2 OH, -CH 2 CH 2 CH 2 OH, -CH(OH)CH 3 , 




r 

-CH 2 C(0)OH, -CH 2 CH 2 C(0)OH, -CH 2 C(0)NH 2 , -CH 2 CH 2 C(0)NH 2 , -CH 2 CH 2 OCH 3 , -CH 2 CH 2 CONRi5Rie, 
-CH 2 SH, -CH 2 CH 2 SH, -CH 2 CH 2 SOCH 3 , -CH 2 CH 2 S0 2 CH 3 or -CH 2 CH 2 SCH 3 , where R 15 and R 16 are each, 
independently, hydrogen or alkyl, or R 15 and R 16 , taken together, form a 5- to 7-membered, optionally sub- 
stituted, saturated ring with the N-atom to which they are attached. 

A compound of Claim 1, 2 or 3 wherein A 1 is L- -CH 3 , -CH(CH 3 ) 2i -CH 2 CH(CH 3 ) 2 , -C(CH 3 ) 3 , 
-CH(CH 3 )CH 2 CH 3 , -CH 2 OH or -CH(OH)CH 3 . 
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A compound of Claim 1, 2 or 3 wherein A* is L- -CH 2 CH 2 SCH 3 , -CH 2 CH 2 OH, -CH 2 CH 2 CH20H f -CH 2 CH 2 
C(0)NH 2? -CH 2 CH 2 OCH 3t -CH 2 CH 2 CONR 1B R 1 «, -CH 2 CH 2 SH t -CH 2 CH 2 SOCH 3 or -CH 2 CH 2 S0 2 CH 3 . 

A compound of Claim 1 , wherein G 2 is 




and the fused f ive-membered optionally substituted heteroring is 

H 




A compound of Claim 1, wherein G 4 is 




attached at the 1, 2, 4 or 5 position, and optionally substituted at any available position or positions on 
the ring, with alkyl having 1 to 20 carbon atoms or aralkyl. 

A compound of Claim 1, wherein G 2 is 
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1 0. A compound of Claim 1 , wherein G 2 is 




G 3 is -C(0)OH, -C(Q)OR" or -C(0)NHS0 2 R 14 ; G 4 is 




A 1 is L- -CH 3 , -CH(CH 3 ) 2 , -CH 2 CH(CH 3 ) 2 , -C(CH 3 ) 3 , 

-CH(CH 3 )CH 2 CH 3 , -CH 2 OH or -CH(OH)CH 3 ; A 2 is L- -CH 2 CH 2 SCH 3 , -CH 2 CH 2 OH, -CH 2 CH 2 CH 2 OH 
-CH 2 CH 2 C(0)NH 2 , -CH 2 CH 2 OCH 3 , -CH 2 CH 2 CONRi5Rie -CH 2 CH 2 SH, -CH 2 CH2SOCH 3 or-CH 2 CH 2 S0 2 CH 3 ; 
and R\R 2 , R 3 and R 4 are H. 

11. A compound of Claim 1, which is 
(R*)-N-fl1 ,2,3,4-Tetrahydro-2-[N-P^^ 
(R*)-N-fl1 ,2,3,4-Tetrahydro-2-[N-(1 W 

(R*)-N-[I1 l 2 l 3/-Tetrahydro-2-[N-(2-(1H-imidazd^-yl)ethyl]-L-valyl]-3-isoquinolin^ 
N^^-DichlorophenyOmethyll-N^tlH-imidazol-^ylacetyO-L-isoleucinamide; 
(S)-N-[2-Methyl-1-[(1,2,3,4-tetrahydro-2-isoquinolinyl)carbonyl]butyl]-1H-imidazole-4 acetamide; 
(R*)-N-2-[[1 ,2A4-Tetrahydro-2-[N-(1H-imidazol-2-ylmet^^^ 
L-glutamine; 

(R>N 2 -[[1,2,3,4-Tetrahydro-2-[N-^^ 

bonyl]-L-glutamine; 

(R>N 2 -[[1 ,2,3 ( 4-Tetrahydro-2-[N^ 

carbonyl]-L-glutamine; 

(R>N-[[1,2A4-Tetrahydro-2-[N-(1H-im^^ 

(S)-N-[[1,2,3,4-Tetrahydrc)-2-[N-(1HHmidazol-4-ylacetyl)-3-methyl-L-valyl]-3H 
glutamine; 

(S)-N4[1,2,3,4-Tetrahydro-2-[N-(1HH^ 
glutamic acid; 

N^IItS^-IN-P-amin^-tlH-imidazol^-ylJethyll-S-methyl-L-valyll-l, 2,3 ) 4-tetrahydro-3-isoquinolinyl]car- 
bonyl]-L-glutamine; 
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(S,S)-N^n2-[[2-Amino-3-(1 H-imi^ 
nolinyl]-carbonyl]-L-glutamine; 
(S)-N-[[1,2,3,4-tetrahydro-2-[N-[2-(1H-imM^ 
L-glutamine; 

(S)-N-[[1 ,2,3 Atetrahydro-2-[N-P-0^ 
gtutamine; 

(S)-1,2,3,4-Tetrahydro-2-[2-[[2-(1H-imidazo^ 
(sj-S-nf^.S-DichlorophenylJmethy^ 
methyl]benzoic acid; 

N-[(2,3-Dichloropheny1)methyl]-N^[2-(1H-imidazoM-yl)ethyl-L-valinamide; 
N-[(2,3-Dichlorophenyl)methyl^ 

[S-(R\R*)]-1,2,3,4-Tetrahydro-2-[N-(1H-imidazoU-ylacetyl)-L-valyl]-^ 

methoxy)methyl]propyl]-3-isoquinolinecarboxamide; 

N-[(2,3-Dichlorophenyl)methyn 

N-[(2,3-Dichlorophenyl)methyl]-N 2 -[2-(5-methyl-1H- imidazol-4-yl)ethyl]-L-valinamide; 

(3SH,2,3 f 4-Tetrahydro-2-[N-[2-(1H-^ 

quinolinecarboxamide; 

(3S)-N-ff1 ,2,3,4-Tetrahydro-2^ 

thylsulfonyl)methyl]-L-alanine, methyl ester; 

(3S)-N-ni,2,3,4-Tetrahydro-2-[N-[2-0^ 

thylsulfony!)methyl]-L-alanine; 

N-[(S)-2-[12-[[2-(1H-imidazol-4-yl)ethy^ 

thylsulfonyl)methyl]-L-alanine; 

N-[(2,3-Dichlorophenyl)methyl]-2-[I2-(1H-imidazol-4-yl)ethyl]amino]acetam 

N-[(2,3-Dichlorophenyl)methyi]-N^^ 

N4(2,3-Dichloropheny1)methy1>^ 

N-Ethyl-N^[2-(1H-imidazoM-yl)ethyl]-N-[(4-methoxyphenyl)methyl]-L^^ 

N-[(2,3-Dichlorophenyl)methyl]-2-[[2^ 

N-[(2,3-Dichlorophenyl)methyl]-2^^ 

N-[(2,3-Dichlorophenyl)methyl]-N^^ 

N-[(2,3-Dichlorophenyl)methy^ 

lmidazol-4-y1)ethyl]-N,N-bis(phenylmethyl)-D,L-valinamide; 

N-[(2,3-Dichlorophenyl)methyl]-N^ 

N-[(2,3-Dichlorophenyl)methyi]-NM2-(1-d 

N-[(2,3-Dichlorophenyl)methyl]-N^[2-(imidazol-1-yl)ethyl]-D,L-valinam 
N^[2-(1H-lmidazol-5-yl)ethyl]-N-(1-methylethyl)-N-(phenylmethyl)-L-valinam 
N-[(2,3-Dichlorophenyl)methyl]-N^[2-(1H-imidazol-5-yl)ethyl]-N-(1-me 
N-[(2,3-Dichlorophenyl)methyl>^^ 

(S)-3-[02-|I2-(1H-lmidazd^yt)ethyl]am^ acid; 
N-Ethyl-NH2-(1H-imidazol^^ 

N-[(2,3-Dichlorophenyl)methyl]-N^[3-(1H-imidazol-2-yl)propyl]-L-valinam 

N^[2-(1H-imidazol-5-yl)ethyl]-N,N-bis(phenylmethyl)-L-valinarriide; 

N-[(2,3-Dichlorophenyl)methyl]-2^^ 

[S-(R*,R*)]-1 ,2,3,4-Tetrahydro-2-[2-[[2-(1 H-imidazol-^yl)ethyl]amino]-3-methyl-1-oxopentyl]isoquinoline; 

2-[[2-(2-Amino-1H-imidaiOl-4-yl)]ethyl]-N-[(2 f 3-dich!orophen 

N-[(2>Dichlorophenyl)methyl]-N^ 

N-t2,3-Dichlorophenyl)methyl]-N 2 -[2-(1-methyl-1H-imidazol-5-yl)ethyl]-L^ 

(S)-N-[[1 ,2,3,4-Tetrahydro-2-[N-[3-(1 H-imidazol-2-yl)propyl]-L-valyl]-3-isoquinolinyl]carbonyl]-L-methio 
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N<2-[2-(1 H-lmida20l-4-yi)ethylhN- 
| phenyl-L-valinamide. 



| N-Ethyl-N-{(2-f luoropheny1)methyl]- 
i N<2-[2-(1 H-imida20l-4-yl)ethyl]-L- 
valinamide. 



N<2-(2-(1 H-lmida20l-4-yl)ethyl]-N-{(3- 
methylphenyl)-methyO-L-valjnamide. 



! N-Butyl-N<2-[2-(1 H-imldazol-4- 
! yl)ethylJ-N-(pheny!-niethyl)-L« 
i valinamide. 



; N<2-[2-(1 H-lmidazol-4-yl)ethylhN-{(4- 
methylphenyl)-methyll-L-valinamide. 



I N<2-I2-(1 H-lmidazol-4-yl)ethy0-N-(3- 
i ptenyipropyl)-L-valinamide. 



; N-Ethyl-N<2-[2-(1 H-imidazol-4- 

yl)ethylJ-N-[(2-methyl-phenyl)mBthylJ-L; 

valinamide. 



N-Ethyl-N<2-I2-(1 H-imidazol-4- 

yl)ethyl]-N-I(2-methoxy-phenyl)methyl] 

L-valinamide. 



N<2-{2-(1 H-lmidazol-4.yl)ethyfhN- 
methyl-N-(1 -naphth-alenylmethyl)-L- 
vafinamtde. 



N<2-{2-{1 H-lmidazol^yl)ethyi)-N-(2- 

phenylethyl)-N-(phenylmethyl)-L- 

valinamide. 



N-Ethyl-N<2-{2-(1 H-imidazol-4- 

yl)ethyl].N-{(4-methy!-phenyl)methyl]-L- 

valinamide. 



N-(9-Anthracenylmethyl)-N<2-I2-(1 H- 

imidazol-4-yl)-ethyl]-N-methyl-L- 

valinamide. 



BEST AVAILABLE 
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IM-Dodecyl-N<2-[2-(1 H-imidazol-4- N^<2-Chlorophenyl)methyl]-N<2-[2« 



yl)ethyl]-N-(phenyl-methyl)-L- ! 
valinamide. 


(1 H-imida20l-4-yl)-ethylhL-vaJinamlde f ; 
trifluoroacetate. 


i 

(S)-1 ,2,3,4-Tetrahydro-l -[2-[[2-<1 H- 

imidazol-4-yl)-ethyl]amino]-3-methyl-1- ! 

oxobutyl]quinoline. 


• 

N-Ethyl-N<2-[2-(1 H-imida20l-4. 
yl)ethyl]-N-{(3-methyl-phenyl)methyq-L: 
valinamide, triftuoroacetate. 


| 

N-(2-(3-nuorophenyl)ethyl]-N<2-l2- 
(1H-imidazol-4-yl)8thylhL-valinamide. ! 


i 

N-(2-Cyanoethy1)-N<2-I2-(1 H-imidazol, 

4-yl)ethyl]-N-(phenyimethyl)-L- 
valinamide, trifluoroacetate. 


i 

N42-(2-nuorophenyl)ethyl]-N<2-{2- 
(1 H-imidazol-4-yl)ethyl]-L-valinamide. 




N-((4*Chlorophenyl)methyl>N-ethyl- 
N<2-(2-(1 HMmidazol-4-yl)ethyl}-L- 
valinamide, trifluoroacetate. 


N<2-{2-(1 H-lmidazo!-4-yl)ethyl]-N-{2- 
; (2-methoxy-phenyl)ettiyl]-L- 
valinamide. 




N-{(2-Chlorophenyl)methyf]-N-emyl- 
N<2-[2-(1 H-imidazol-4-yl)ethyl]-L- 
valinamide, trifluoroacetate. 


N<2-(2-(1 H-lmida20l-4-yl)ethyl}-N42- 

(3-methoxy-phenyi)ethyl]-L- 

valinamtde. 


i 


N-{(2-Chloro-6-fluorophenyl)methylJ-N 
ethyl-N<2-{2-(1 H-imidazol-4-yl)ethylH 
valinamide, trifluoroacetate. 


! N-{2-(2-Chlorophenyl)ethy l}-N<2-(2- 
(1 H-imidazol-4-yl)ethyIJ-L-valinamlde. 


i 


N^(2,4-Dichlorophenyt)methyi]-N-ethy 
N<2-[2-(1 H-imidazoi-4-yl)ethyl]-L- 
vaiinamide, trifluoroacetate. 


N-{(2-Hydroxy-3- 

methoxyphenyl)methylJ-N<242-(1 H- 

imidazol-4-yl)ethyl]-N-(phenytmethyl)- 

L-valinamide. 


I 

! 

\ \ l^(2-Hydroxyphenyl)methyi]-N<2-[2- 

| (1 H-imidazol-4-yl)ethylHsi-(2- 
! !phenylethyi)*L- 
! j valinamide, trifluoroacetate. 


N<2-[2-(1 H-lmldazol-4.yl)ethyl].N-[(4. 
methoxypheny«)-methyt}-L- valinamide. 


f . 

! jN v N-Bis((2-ethoxyphenyl)methylhN<2- 

: [2-(1 H-imida2ol-4-yl)ethyl}-L- 
[ vau namtde, trifluoroacetate. 



BEST AVAILABLE COPY 
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, (3S)-N-(2-Hydroxypropyl)-N<2-[2-(1 H- 
imida20l-4-yl)-ethyl}-L-valinamide. 



' (S)-1 ,2,3,4-Tetrahydro-2-[N-(1 H- 
: imidazol-4-ylacetyl)-L.valyl]-N-(2-(1 - 
; methyl-1 H-pyrrol-2-yl)ethyl]-3- 
< isoquinolinecarboxamide. 



i (3S)-1 ,2,3,4-Tetrahydr0-N-[1 - 
|(hydroxymethyl)-3-(methylthio)propyl]- 
:2W1 H-imidazol-4-ylacetyl)-L-valyl]- 
i 3-isoquinolinecarboxamide. 



;(3S)-N-{2-(6-Fluoro-1 H-indol-3-yl)-1- 
; methylethyl]-1 ,2, 3,4-tetrahydro-2-[N- 
j (1 H-imidazol-4-ylacetyl)-L-valyl]-3- 
! isoquinolinecarboxamide. 



![1S-[1 R*(R*) f 2R*]]-1 ,2,3,4-Tetrahydro-i 
|N-l2-hydroxy-1 -(hydroxymethyl)-2-[4- 
(methylthio)phenyl]ethyl]-2-[N-(1 H- 
| imidazol^ytacetyl)-L-vaJyl]-3- 
I isoquinol i ne-carboxamide . I 



(S)-N-(3-(Dodecylthio)propyl]-1 ,2,3,4- 
tetrahydro-2-[N-(1 H-imidazol-4- 
ylacetyl)-L-valyl]-3-isoquinoline- 
carboxamide. 



i (S)-1 ,2,3,4-Tetrahydro-2-[N-(1 H- 

! imida20l-4-ylacetyl)-L-valyiJ-N-(3- 

imethoxypropyl)-3- 

! isoquinolinecarboxamide. 



; (S)-1 ,2 T 3,4-Tetrahydro-2-[N-(1 H- 
i imidazol-4-ylacetyl)-L-valyl]-N-{3- 
(methylthio)propyl]-3-isoquinoline- 
caiboxamide. 



N r N-Bis[(2 f 3-dimethoxyphenyl)methyl]- 
N<2«{2-(1 H-imidazoi-4-yl)ethyl]-L- 
valinamide, trifluoroacetate. 



iN-l(2,3-Dichlorophenyl)methy!]-N-ethyl! 
!N<2-[2-(1 H-imidazol«4-yl)ethyl]-L- 
- valinamide, trifluoroacetate. 



(S)-1 ,2,3,4-Tetrahydro-2-[N-(1 H- 
imidazol-4-ylacetyl)-L-va»yl]-N-[2-(1 H- 
imida20l-4-yi)ethyl]-3-isoquinoiine- 
carboxamide. 



(S)-1 ,2,3,4-Tetrahydro-2-[N-(1 H- 
imidazol-4-ylacetyl)-L-valylJ-N-(2- 
phenylethyl)-3- 
isoquinolinecarboxamide. 

i 

i 

(S)-1 ,2,3,4-Tetrahydro-2-[N-(1 H- 
imida20l-4-ylacetyl)-L- vafyQ-N-[3-( 1 H- 
imidazoi-1 -yl)propyl]-3-isoquinoIine- 
! carboxamide. 



(S)-1 , 2,3,4-Tetrahydro-2-[N.(1 H- 
imidazol-4-ylacetyl)-L-valyl]-N-{2-(2- 
thlenyl)ethyl]-3-isoquinoline- 
carboxamtde. 



(S)-1 ,2,3,4«TetrahydfO-2-[N-(1 H- 

imtdazoW-ylacetyl)-L-valyl]-N-<4- 

phenylbutyl)-3- 

! isoquinolinecarboxamide. 



i [1 S-[1 R # (R*) f 2S*]]-1 ,2, 3,4-Tetrahydro- 1 
I N-(2-hydroxy-1 -methyl-2-phenylethyl)- j 
2^N-(1H-imida20l-4-ylacetyl)-L-valyl]- \ 
3-isoquinolinecarboxamide. 



| (3S)-1 ,2,3,4-Tetrahydro-2-{N-(1 H- 
j imidazol-4-ylacetyl)-L-valyl]-N-(1 • 
j methyl-2-phenoxyethyl)-3-isoquinolineH 

carboxamide. j 

i 
i 



(SJ-N-p-O^DimethoxyphenyOethyl]- j 
1 A3,4-tetra-hydro-2.[N-(1H-imidazol- i 
4-yiacetyl)-L-valyl]-3- 
isoquinolinecarboxamide. 



BEST AVAILABLE COPY 
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; (S)-N-[2-[4- 

: (Aminosulfonyl)phenyl)ethyl]-1 ,2,3,4- 

:tetrahydro-2-(N-(1 KHmidazol-4- 

jylacetyl)-L-valyI]-3- 

! isoquinolinecarboxamtde. 



(S)-1 f 2,3,4-Tetrahydro«2-{N-(1 H- i 
imidazol-4-yiacetyl)-L-vatyl]*N-{3- 
|(nrothyisulfonyl)propyt]-3-feoquinoline- ; 
icarboxamide. ! 



j (SM ^.3,4-Tetrahydfo-N-(5-hydroxy- 
j 1 ,5-dimethylhexyl)-2-lN-(1H-imida20l- 
j 4-ylacetyf )-L-valy1}-3-lsoquinoline- 
carboxamide. 



(S)-N-[2-l3,4- 

Bis(pheny1methoxy)phenyl]ethyl]- 
1 ,2,3,4-tetrahydro-2-|N-<1 H-imldazol-4J 
ylacetyf)-L-valyl}-3- 
isoquinolinecarboxamide. 



N<2-[2-(l H-lmida20M-yl)ethyl]-N- 
(phenylmethyl)-L-valinamide, 
trifluoroacetate (1:2). 



N<2-[2-{1 H-lmidazoi-4-yi)ethyl]-N-(2- 
phenyt6thyl)-L-valinamide, ! 
trifluoroacetate (1:2). j 



[S-(R # ,S*)h1 ,2,3.4-Tetrahydro-2-[N- 
(1 H-imida20W-ylacety1)-L-valyn-N-{2- 
(4-nitrophenyl)ethyQ-3- 
isoquinoltnecarboxamide. 



| (S)-1 ,2,3,4-tetrahydro-2-{N-(1 H- 
j imrdazol-4-ylacetyl}-L-vatyq-N-[2-(6- 
) methoxybenzo[b]thiophen-3-yi) ethy I]-3«: 
i isoquinolinecarboxamide. ! 



5 (S)-N-(Methy!3ulfonyi)-N<2-[I1 .2,3,4- 
j tetrahydro-2-[N-(1 H-tmidazol-4- 
ylacetyl)-L-valylJ-3-isoquinolinyl]- 
carbonyl}-L-methioninamide. 



! N<2-[2-(1 H-lmidazol-4-yl)ethyl]*N-([4- 
(trifluorometh-yl)phenyl]methyl]-L- 



valinamide. 



N-(9H-Ruoren-2-y1)-N<2-l2-(1 H- 
imidazo»-4-yl)ethyq-L-valjnarnide, 
trifluoroacetate (1 2). 



{ N^-(3.4-Dimethoxyphenyl)ethyl]-N<2-t 
| [2-(1 H-imidazo!-4-yl)ethyl]-L- 
ivalinamkje. j 



»(S)-N-[6-a(4- 

Chlorophenyl)methyl]amino}-6- 
| oxohexyl]-1 ,2,3.4-tetrahydro-2-lN-(1 H- 
! imidazol-4-yiacety1)-L-va!yj]-3- 
| isoquinolinecarboxamide. 



; N4(2-Fluorophenyl)methyl]-N<2-{2- 
, (1 H-imidazol-4-yl)ethyf]-L-vaiinamtde. 



(S)-N-(Phenylsulfonyl)-N<2-[[1 ,2,3,4- 
tetrahydro-2-[N-(1 H-jmidazol-4- 
ytacetyt)-L-valyt]-3-isoqutnotiny1]- 
carbonyl]-L-methioninamide. 



I 

N-((3-Chtorophenyl)methyl]-N<2-{2- 
i (1 H-imidazol-4-yl)ethyn-L-valinamide, 
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N-{(2,3-Dimetfty1phenyl)mettiy)]-N<2- 
i [2-(1 H-imidazol-4-yl)ethyQ-L- 
jvaJinamide. 



I NK2-(4-Hydroxypheny»)ethyq-N<2-I2- 
i (1 H-imUazot-4.yl)«thylH.-valinamide. 



• N^4-Chk>ropheny1)mothyO-N<2-{2- 
! (1 mmidazot-4-y»)ethy0-L-vaJinamide. 



NK(2,6-CMfluoropheny1)mothyf}-N<2-{2- 
(1 H-«mldazoM-yOettiylH.-vaHnamide. 



N-{(2-Ethoxyphenyf)methyq-N<2-{2- 
(1 mmida20l-4-y1)ethyll-L-valinamJde. 



N-{(3-Chtoro-4-fkiorophenyl)methyt}- 

, N<2-(2-(1 H-imidazoM-yt)ethyq-L' 
Ivaiinamfcie. i 



' N<2-{2-( 1 H-imidazoM-yi)ethyihN-a3- 

(trtftuorometh-y*)phenyt}methyO-L- 

vaUnamkte. 



rH(3.40iehlorephenyOmettiyq-N<2-(2 
(1 H-imktozoM-yi)ethyq-L-valinamWe. 



N<2-(2-<1H-lmidazoM-yi)ethyq-N-[(2- 
nttropheny1)HTrwthyJ}-L-valinamide. 



N<2-{2-<1H-lmida20M-y«)ethyl}-N-{(2- 
methytphanylHnethylH-valinamide, 



N<2-{2-(1H-lmidazoW-yl)emyl]-N-(1- 
naphthatenytmeth-yl)-L-valinamicle, 



N-{2-{4-{Afnino8uttonyl)pheny1J«thyt> 
N<2-(2-(1H-ifnidazoM-yl)«thylR- 
vaMnairifde, trtfluo roacetate . 



; l^(2^hk>rD-4-fluorophenyl)methyq- 
j N<2-t2-<1 HMmida2oW-yl)ethy1K- 



N^^imettwxyphenyljmottiyil-N^-: 
[2-<1 H^mWazol^yl)ethyl]-L- j 
vatiramido. 



T 



! N-Q4-(Aminosutfonyl)phenyi]methyl]- 
j N<2-[2-<1 H-imMazol-4-yl)ethylH.* 
'vaMnamkJe, triftuoroacetato. 



! 



N<2#-<1 Mmida»l^yl)etljy^ 

naphthaienyimeth-ylK-vaiinarTiide, 

trifluoroacetate. 
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10 



15 



20 



25 



30 



35 



■ 3-{[N-{2-(1 H-lmida2ol-4-yl)ethyl]-L- 
. valyljaminoj-benzeneacetic acid, 

Itrifluoroacetate. 

t 
i 

I 



(S)-1 ,2,3,4-Tetrahydro-2-{N-{2-(1 H- 
imida20l-^yl)-ethyl]-DL-valylhN43- 
(methylthio)propyl]-3- 
isoquinolinecarboxamide. 



(S)-1 .2,3.4~Tetrahydro-2-[N-{2-<1 H- 
Imidazol^yO^th^J-DL-vaJyQ-N- 
(phenyImettiyl)-3-isoqutnoline- 
caitooxamide. 



1 (3S)-1 A3,4.Tetfahydro-2-(N42-(1 H- 
imkla20l^yl)^thy<}-DL-vaiylH4-(1 - 
phenyfethyl)-3^soquinoline- 
carboxamide. 



(S)-1 ,2A4-Tetrahydro-N-{2-(4- 
hydroxyphenyt)ethyl]-2-[N-(2-<1 H- 
in^dazo!^yl)ethylJ-DL-valyl)-3- 
isoquinolinecarboxamtde. 



(SH^{(3-Chlorophenyl)methyl]-1 ,2,3,4 
| tetrahydro-2-(N42-(1 H-imidazol-4- 
jyl)ethyi]-DL-vaIyih3- j 
' isoquinolinecarboxamide. 



N-Ethyl-N<2-I2-(1 H-imidazol-4- 
yl)ethylJ-N-(2-methyl-phenyl)-L- 
vaiinamide, trifluoroacetate. 



N<2-[2-(1 H.|mida20l-4-yl)ethylhN42- 
(methylthio)-phenytJ-L-valinamide, 
trifluoroacetate. 



N-(4-CWoiophenyl)-N<2-t2-(1 H- 
imktezoM-yl)ethylH^methyl-L- 
vatinamide, trifluoroacetate. 



N-«1 ,1 '-BiphenylH-yt)-N<2-[2-(1 H- 

imklazol-4^)ethylH-*valinamtde, 

trifluoroacetate. 



I 

N-([1.V-B^henylH-ylmethyl)-N-ethyl- i 
N<2-{2-{1H-imidazol-4-yl)ethyO-L- 
vaMnamide, trifluoroacetate. 



N-fl1 ,1 •-Biphenyl^-ylmethylJ-N-ethyl- 
N<212-(1 H-*midazol-4-yl)etrryl]-L- 
vaiinamide, trifluoroacetate. 



40 



45 



50 



55 



| (S)-N-<[1 , 1 '-BiphenylJ^-yO-N-ethyi- 
j 1 A3,4-tetra-hydro-24N-l2-(1 h- 
i imidazol-4-y l)ethyf }-DL-valyl]-3- 
I isoquinolinecarboxamide. 



I. 



i (S)-N-([1 ,V-BiphenylH-yl)-N-ethy»- 
1 1 ,2,3.44etra-hydro-2-{N-[2-(1 H- 
i imktozol-4-yl)ethyl]-DL-valyO-3- 
i isoquinolinecarboxamide. 



or 



4-0N-{2-(1 WmidazoM-yl)ethyf)-L- 

vatyQamino]benzoicatid, 

trifluoroacetate. 



3-0N-{2-<1 H-lmidarol-4.yl)ethyll-L- 

valyl]amino]benzoicadd t 

trifluoroacetate. 



(S^N^PhenylsulfonylJ-N^-ttlAS,^ 
tetrahydro-2-[N-{2-(l H-imldazoM- 
yt)etrrylJ-L-valyO-3-lsoquinolinylh 
caibonylJ-DL-methioninamlde. 
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12. Use of a compound of any one of Claims 1-11 for the manufacture of a medicament for treatment of con- 
ditions requiring inhibition of farnesyl protein transferase. 

13. Use of a compound of any one of Claims 1-11 for the manufacture of a medicament for treatment of con- 
5 ditions requiring inhibition of prenyl transferases. 

14. Use of a compound of any one of Claims 1-11 for the manufacture of a medicament for treatment of con- 
ditions requiring inhibition of tumors. 

10 15. Use of a compound of any one of Claims 1-11 for the manufacture of a medicament for treatment of dis- 
eases associated with signal transduction pathways operating through Ras. 

1 6. Use of a compound of any one of Claims 1-11 for the manufacture of a medicament for treatment of dis- 
eases associated with proteins that are post-translationally modified by the enzyme farnesyl protein trans- 

15 ferase. 

17. Use of a compound of any one of Claims 1-11 for the manufacture of a medicament for treatment of dis- 
eases associated with proteins that are post-translationally modified by the enzyme geranylgeranyl pro- 
tein transferase. 

20 

18. A compound of any one of Claims 1-11 for use as an active pharmaceutical substance. 

1 9. A compound of the formula 



30 




or an enantiomer, diastereomer, pharmaceutical ly acceptable salt, prodrug or solvate thereof, wherein: 
35 G is 




Gi is 



100 



EP 0 675 112 A1 




Y — 



or 




P 



Y 



G2 is 




or-NR 10 -CH(Qi)-; 

J, K and L are each, independently, N, NR 9 , O, S or CR 10 with the provisos that only one of the 
groups J, K and L can be O or S, and at least one of the groups J or L must be N, NR 9 , O or S to form a 
fused f ive-membered heteroring; the bond between J and K or K and L may also form one side of a phenyl 
ring fused to the fused f ive-membered heteroring; 

Q is aryl; 

Q 1 , A 1 and A 2 are each, independently, H, alkyl, substituted alkyl, phenyl or substituted phenyl; 
G3 is ™ -C(0)OR", -C(0)NR"R12, 5-tetrazolyl, -C(0)N(R13)0R", -C{0)NHS0 2 R^ or CH 2 OR 11 ; 
G 4 is 



attached at the 1 , 2, 4 or 5 position and optionally substituted, at any of the available position or positions 
on the ring, with halo, alkyl or substituted alkyl having 1 to 20 carbon atoms, alkoxy, aryl, aralkyl, hydroxy, 
alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylamino, thiol, alkylthio, alkylthiono, alkyl- 
sutfonyl, sulfonamido, nitro, cyano, carboxy, carbamyl, N-hydroxycarbamyl, N-alkylcarbamyl, N-dialkyl- 
carbamyl, alkoxycarbonyl, phenyl, substituted phenyl, or a combinaton of these groups; 

Y and Z are each, independently, -CH 2 - or -C(O)-; 

R 1 - R 14 are each, independently, H or alkyl having 1 to 20 carbon atoms; 

R 7 , R 8 and R 14 may also be aryl or aralkyl. and R 9 , R 11 , R 12 and R 13 may also be aralkyl; 

m, n and p are each, independently, 0 or an integer from 1 to 2; and 

q is 0 or 1 . 

20. A compound of the formula 




I 
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or an enantiomer, diastereomer, pharmaceutical ly acceptable salt, prodrug or solvate thereof, wherein: 
G is 



Gi is 



G2 is 




or-NRio-CH(Qi)-; 

J, K and L are each, independently, N, NR 9 , O, S or CR 10 with the provisos that only one of the 
groups J, K and L can be O or S, and at least one of the groups J or L must be N, NR 9 , O or S to form a 
fused f ive-membered heteroring; the bond between J and K or K and L may also form one side of a phenyl 
ring fused to the fused five-membered heteroring; 

Q is aryl; 

Q\ A 1 and A 2 are each, independently, H, alkyl, substituted alkyl, phenyl or substituted phenyl; 
G* is R", -C(0)OR", -C(0)NR"Ri2 5-tetrazolyl, -C(0)N(R*)OR", -C(0)NHS0 2 R" or CH 2 OR"; 
G* is 
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attached at the 1 f 2, 4 or 5 position and optionally substituted, at any of the available position or positions 
on the ring, with halo, alkyl or substituted alkyl having 1 to 20 carbon atoms, alkoxy, aryl, aralkyl, hydroxy, 
alkanoyl, alkanoyloxy, amino, alkylamino, dialkylamino, alkanoylamino, thiol, alkylthio, alkylthiono, alkyl- 
w sulfonyl, sulfonamide nitro, cyano, carboxy, carbamyl, N-hydroxycarbamyl, N-alkylcarbamyl, N-dialkyl- 

carbamyl, alkoxycarbonyl, phenyl, substituted phenyl, or a combinaton of these groups; 

Y and Z are each, independently, -CH 2 - or -C(O)-; 

R 1 - R 14 are each, independently, H or alkyl having 1 to 20 carbon atoms; 

R 7 , R 8 and R 14 may also be aryl or aralkyl, and R 9 , R 11 , R 12 and R 13 may also be aralkyl; 
15 m, n and p are each, independently, 0 or an integer from 1 to 2; 

qis0or1;and 

the dotted line represents an optional double bond. 



20 
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